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The simple course of Experimental Science mapped 
out in these little manuals covers the subject of 
Domestic Science as set out in Specific Subject XIV. 
of the Education Department’s Code. The author 
entr^ts the teacher who uses these books to insist 
on the girls working all the experiments with their 
own hands. His experience with girls has taught 
him that they soon become adepts at manipulation, 
and that they are not one whit behind boys in 
^heir power of grasping the truths that the experi- 
ments are intended to make manifest. Hence lie 
advises, and that most strenuously, that the simple 
experiments described should be performed by every 
girl, who will Certainly more firmly grasp the funda- 
mentals of J[)omestic Economy by practically proving 
with her own hands their reality. 

• Thomas Cartwright. 

HigheMbade School, East Finchley, 

January ff, 1S00 » 
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DOMESTIC SCIENCE. 


part X. 


• L wEianiNa akd heasubing. 

The Housewife a Skilled Worker.— To be able to 
produce a firstrate article, whether in the kitchen or 
in the workshop, is the praiseworthy ambition of the 
good worker. This requires a thorough knowledge 
both of the material to be worked up and of the tools 
to be used in the working ; hence the good housewife, 
% who wishes to become a skilled worker, must study 
both what she has to work upon and what she has 
to work with. She cannot afford to be ignorant of 
science, since it Js only by conforming to the laws of 
science that she may hope to do her best, whether in 
cooking, in washing, in ventilating,, or in disinfecting. 
To give such a knowledge of elementary science, by 
experiment, as will enable the housewife to become a 
skilled worker, is the aim of this little book. 

Weighing and Measuring. — We shall begin with some 
' simple e^rcises in these two operations, with which 
^very housekeeper ought to be familiar. We shall. 
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fimt of all, a^k what is meant by weighing and’ 
measuring, and shall discuss the various weights and 
measures, in oi*der to show how best to use them. 
Knowing the origin of the weights and measures «she 
so frequently use%, the housewife will take a keener 
interest in her work, which she will also ^rform with 
greater care and intelligence. 

The Meaning of Measuring. — When the draper’s as* 
sistant hands his customer over the counter a length 
of calico, which he says is a dozen yards, what has he 
done, and what does he mean ? He has seen how 
many times a certain stick will divide, or go, into the 
length of calico, and he means that the calico is twelve 
times as long as the stick. Here is plainly shown 
the chief thing needed in measurement of lei%th — 
namely, a standard, or unit of measurement, which in 
this case is the yai*d-stick, by referring to which we 
are able to understand how much calico there is in 
the length. When, therefore, we know what “ yard 
meanst and not before, we know how much twelve 
yards of calico really represents; and it is evident 
that in measuring calico, or anything else, we simply 
compare it with this unit, and what the measurer really 
finds out is the ratio between the stick and the cloth 
— ^that is, how many times the former is contained in 
the latter. And so it is always. In measuring length, 
area, volume, or weight, we simply compare the body to 
be measured with a standard or unit that has been 
agreed upon by the parties concerned. 

The Yard. — We in England have agreed ta accept 
the yard as the standard, or unit, of linear measuee ; 
and it is very necessary that a correct deAoition of 
the term yard should be given. « 
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* In the Standards Office at Westminster is a bar of 
bronze or gun-metal 38 inches long, and 1 square inch 
in transverse section. One inch from each end is a plug 
of gold, across the centre of which is a scratch, 
and the distance between these two^scratches is • 
the standardT or imperial yard. Hence, we define 
the yard as the distance between the centres of ~ 
two gpld plugs in a certain bronze bar kept in 
the Standards Office. ~ 

In fixing the yard, there is nothing to gtiide 
us except this bronze bar, so that the standard 
is a purely arbitrary and not a natural one. S ~ 

Origin of the Name Yard. — The first units of ^ Z 
measurement were taken from parts of the ^ - 
body.^ This is evidently the case with respect | I 
to the foot; and when wo learn that the old e* 
form of the word yard is gird, meaning girdle | - 
or distance round the waist, it is clear that this g* " 
is the case with respect to the term yard also. 1 - 
So it is with the terms span and cubit — the fonner ^ " 
meaning the length from the end of the thumb S. - 
to the tip of the little finger >vhen the hand is " 
stretched to its utmost; the latter being the 
length from the elbow to the end of the middle ~ 
finger. Ihcli, op the other hand, is the Latin 
uncivs, meaning twelfth part. These units were I 
very unscientific, because very variable ; hence 
arose the need for a fixed and invariable stan- ^ 
dard, such as is the imperial yard. ^ 

Multiples and Eubmultiples. — In dealing with lengths 


vei^ much greater or very much less than a yard, it 
is very inconvenient to express Uiese lengths in yards: 
for this reason we have, starting from the yard, a 
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series of measures, such as the pole, the chain, the^ 
ftirlong, and the mile, which expresses the yard multi- 
plied by 5^, 22, 220, and 1,760 respectively. These 
measures are accordingly termed multiples of the Rprd. 
Another series of measures, the foot and the inch, ex- 
presses the yard divided by 3 and 3^ Respectively. 
These measures are appropriately termed the snb- 
mnltiples of the yard. It will be noticed th^t the 
names multiple and submultiple correspond to product 
and quotient, since multiples are obtained by multi- 
plying and submultiples by dividing the unit by 
certain numbers. 

Bad and Good Multiples and Submultiplea — There is 
no reason why one number should be used in the 
multiplication and division of the unit rathei^ than 
another, except that the number so chosen should be 
readily remembered and easily manipulated. Unfor- 
tunately, this has not been done in building up our 
English system of weights and measures, which, as 


every school-girl knows to her cost, are hard to re- 
member and difficult to use in 



calculation. 

The Metric System. — ^The 
French or metric system of 
weights and n^easures is much 
more convenient The unit 
of length is the ^etre, which 
was intended to be the forty- 
millionth part of the earth’s 
circumference, or ^ ten- 


millionth part of the earth’s 
quadrant, so that the distance from the equator to 
the poles would be ten million metrea In oonae; 
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quence of an error, this is not the case, and the metre 
is best defined as the length between two scratches 
on a bar of metal deposited in tlie French Standards 
Office at Paris. It is not, however, so much in the 
choice of the unit, as in the method of multiplying 
and dividing it, that the French system is so con- 
venient. To clearly show ho>v convenient this system 
really# is, we must make a brief reference to our 
method of writing nunibem 

The Denary or Decimal Scale of Notation. — If we 
write down 3*333, eacli figure increases tenfold in 
value as we go to the left. There is no natural 
reason for this selection of ten, except that wo have 
agreed, as a matter of convenience, that it should be 
the mtasure of increase or decrease in value according 
to the position of a figure. Twelve would have been 
a more convenient base * from the point of view of 
duodecimals and the conversion of vulgar fractions 
into decimals; but ten was probably taken as the 
foundation of our system of counting, because of 
the use of man’s ten fingers in primitive calcula- 
tion. To return to our example. We notice that if a 
certain figure 3 is removed three places from the unit 
to the left it represents 3 x 10* — that is, three times 
three tens mul^plied together, or 3 x 10 x 10 x 10 
and so always the figure or integer multiplies the pro- 
duct of as iKAny tens as it counts places to the left 
of the unit. In the year 1562, Simeon Stephens of 
Bruges, in Flanders, advanced a further step in utiliz- 

^ Dedmally 1 = *333 Duodecitnally } s *4 

M M 

# „ 1 * 1066 **-2 

1=125 

J*1U 1 = 14 


o 
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ing this system of notation by tens, in applying it to 
fractions : thus, one remove to the right of the unit's 
figure stands for so many tenths, two removes for so 
many hundredths, and so on. • 

It is to the Vedit of the framers of the metric 

c 

system that they adopted this scale in the building up 
of their weights and measures, so that one remove to 
the left of the unit means ten times that unit, and one 
to the right means the tenth part of that unit, what- 
ever it may be. Further, they invented a set of pre- 
fixes which at once indicate the number of removes 
from the unit, either to the right or to the left. Thus 
the multiples deca, hecto, kilo stand for the first, second, 
and third removes to the left from the unit, and there- 
fore indicate 10 times, 100 times, and 1,00CP times 
the unit respectively. The submultiples deci, cent!, 
milli stand respectively for the 10th part, the 100th 
part, and the 1,000th part of the unit. This will be 
clear from the following diagram. 


HulUplet. . Units. Sub-multlpleB. 

, ^ < , ^ — 



Having learned this simple rale, the ooanection 
between the metrie system and the ordinary method 
of writing numbers is easy to understand and to 
remember: and <me great advantage of the metrh^ 
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System proceeds from this fact that it is a decimal 
system, the position value being indicated by the pre- 
fix : thus, mtUigram means the thousandth part of a 


grajp, whatever the gram may 
be ; and kilomeive signifies a 
thousand metises, let the metre 
be what it may. 

Ta\^e of Linear Measure 
(metric system) : — 


10 millimetres = 1 centimetre ~ ‘01 

10 centimetres = 1 decimetre — *1 

10 decimetres =1 metre = 1* 

10 metres = 1 decametre = 10 

10 decametres =: 1 hectometre - 100 
10 hectometres = 1 kilometre = 1000 


Oonnection between the English 
and French Measures of Length. 

— The metre, as will be seen 
from an examination of the 
metre scale, is a little longer 
than the English yard ; so that 
if a French draper sold calico 
at the same price per metre 
as the English draper does per 
yard, calico would be cheaper in 
Paris than in London. Strictly 
speaking, a mWe is 39*3708 
inches, or, Ic^ accurately, it is 
3 feet 3 inches and fVths of 
an inch (3 feet 3*3 inches). 



which is the most convenient form for remembering. 


\p. the diagram above is given, a decimetre divided 
also into inches, from which it is apparent that the 
French decimetre is nearly four English inches; 
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hence the metre should equal nearly forty inches'^ 
which, as we have already seen, it does. 

Practical Work. 

• 

1. Examine tfie metric scale, and observe that it has 
39 full inches, three-tenths of an inclf, and about 
three-quartera of another tenth marked upon it — 
that is, its length in inches is 39 3708. Notice this 
every time you use the scale, until you are thoroughly 
acquainted with the relationship between the yard 
and the metre (3 feet 3 3 inches will be near enough 
and easy to remember). 

2. Find the value in French measure of the yard 

and the inch, and in English measure of the deci- 
metre, the centimetre, etc. • 

3. Measure your desk, the table, the blackboard, 
and the length of your classroom, and record your 
results in both metric and English measures. 

4. Take two pieces of string or tape of unequal 
length, say 8*4 cm. and 6'8 cm. Measure each sepa- 
rately. Put the two pieces of string together, and 
exactly take their combined length on a third piece '' 
of string. Show that this equals 16*2 cm., which 
could have been got by adding the two lengths thus : 

8-4 cu». ® 

6*8 cm. 

16*2 cm. • 

and so deduce the rule for the addition of decimals. 

5. Now cut off a piece from either ofethe two 
measured pieces of string. Measure the piece cuUoff, 
and also the remainder, and show that what we have 
done is the same as the subtraction of the piece cut 
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*off from the original length. Record your results 
thus : — ^ . , , 

Original length of atnng = S-4 cm. 

Length after cutting = S 'J cm. 


Length cut off 


= 2’i^cm. 


and so deduce*the rule for the subtraction of decimals. 

6. Take a piece of tape and fold it up until it is 
fourfold. Measure the doubled-up length, and multiply 
this length by four. Unfold the tape, and measure 
the whole length, and so deduce tlie rule for the 
multiplication of decimals by whole numbei’s. Record 
your results thus : — 


Length of fold = 47 cm. 
Number of folds = 4 

LIbgth of taiie = 18*8 cm. 


Actual mpasurementx 
of whole length of V 
tape J 


= 18‘8 cm. 


7. Take another, or the same length of tape, and 
first measure its length. Now fold it up into a con- 
venient number of folds, say four. Divide the wdiole 
length by the number of folds, and also measure the 
length of each fold. Show that the two results agree, 
and so deduce the rule for the division of decimals by 
whole numbers. Record your results thus ; — 

Total length = 16*8 cm. 1 

Number of folds = 4 ( Actually measuriKl longtln - 4.0 

Length of fold = 4|^ I of each fold / 

• 4*2 cm./ 
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It wjs the great English philosopher, Sir Isaac 
Newton, who first established the important fact that 
every particle of matter in the universe attracts every 
pther particle of matter with a force that is greater 


(1«<W) 
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the less the distance between the attracting particles/ 
and also greater the greater the amount of matter 
in the bodies. This attraction is of much importance, 
since to it is due the property of matter which^we 
name weight. The huge earth attracts all bodies, and 
this earth-pull is weight. Thus the wefght of a l^y 
depends not upon itself but upon the presence of other 
bodies, between which and itself there is a iputual 
attraction. Hence all bodies near the earth, being 
less in mass than the earth, are pulled towards it, in 
accordance with this law of gravitation ; and it is this 
pull, as above stated, that constitutes the weight of 
the body. If a body;^ere to be alone in space, that 
body would have no weight whatever; for which 
reason this property of weight is to be regarded as 
an accidental one, liable to fluctuation, and depending 
upon the presence of other bodies for its existence. 

ICasB and Weight — If we examine a sphere of wood 
and one of lead, equal in .size, it does not take long to 

discover that the 
lead is much 
heavier than the 
wood. The con- 
verse of this is 
|diown to be true 
in the accom- 
pai^ring dia- 
grams, in which 
equal masses are 
shown be very 
unequal in size 
or volume. We 
have already stated that weight is simply the pull o| 


Hydrofftiv, 



Fig. fi.~Eqiiftl nan and miaqiial 
Tolama. 
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*the earth upon a body ; and as the force of the pull 
depends upon the quantity of matter in the attracting 
bodies, there is evidently more matter in the ball of 
lead than in the wooden one of the same size. We 
express this by saying that the mass of the leaden 
ball is greater than the mass of the vrooden one, for 
the term mass signifies quantity of matter. It will be 
seen •that we cannot compare une({ual masses by 
merely placing them side by side. We must compare 
them by weighing them. This renders it all the more 
necessary that the difference between mass and weight 
should be clearly apprehended. Weight, to reiterate 
our former statement, is mereljs^ the pull of the earth 
upon the body; whereas mass is the quantity of matter 
in tlA body. The former increases as we approach 
nearer to, and decreases as we recede further from, 
the centre of the earth ; the latter, of course, remains 
constant at these varying distances, for by merely 
removing a body further from, or by taking it nearer 
to, the centre of the earth, it is clear that we do not 
add any matter to it, nor do we take any from it. 
Thus a piece of lead weighing 
190 ounces at the equator 
would weigh an ounce more, 
or 191 ounces dn all, at the 
poles, for the simple and suffi- 
cient reasondhat we are thir- 
teen miles nearer the earth’s 
centre in the latter than in 
the former position, and the 
nearer the earth the greater 
the pull. * Although, then, we 
inay compare masses by comparing weights, wdi^t 


srbLc 



ng.e. 
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and nuuM are two totally different things ; and to ensure* 
the accuracy of this comparison of masses by weighing, 
it is necessary that the bodies should be weighed at 
the same place and under exactly similar conditions. 
Their distance from the earth’s centre being the same, 
any difference in weight must be due tb difference 
in mass ; and so, although weight is not mass, it may, 
under proper conditions, be made to measure mags. 

The unit of mass in the English system is the 

pound. It is the weight 
of a cylinder of plati- 
num, 1*35 inchas in 
height, and 1*15 inches 
in diameter, which is 
carefully preservAi in 
the Standards Office. 
The multiples and sub- 
multiples of the pound 
are tw well known to 
need mention. Concern- 
ing their selection, ex- 
actly the same remarks 
may be made as in re- 
spect to the linear mul- 
tiples ayd submultiples. 

The French or metric unit of mass is the kilogram, 
and we can now draw attention to another advantage 
connected with the metric system — namely^the facility 
with which we can pass from one unit to another. If 
we take a cubic decimetre, and find out tV exact 
weight of the water that will occupy this space, eve 
shall have the kilogram, /or the kUo^m ie weight 
of a cfuinc dedmetre of distilled water at C. Tq 
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Fig. a-CIftpaelty of 1 litre (1,000 cablo eentlmetreeX Holds l,OOOgimiiis, 
or 1 kllogruD, of water at 4"* C. 

One Mnetra s 10 oentimetres » ^ of a metre ~ nearlj 4 inches. 

get^the pound from the unit of length is not so easy : 
a cubic foot of water weighs 62^ lbs., and a gallon 
of water weighs 10 lbs. 
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Practical Work. 


For this exercise there will be required— (a) metric 
scale; (6) darnijg-needle ; (c) bags of shot whose 
weights are in the proportion 1:2; 3^; 4:5: 6 — say 
2 grams, 4 grams, 6 grams, 8 grams, 10 grams, and 
12 grams respectively. 

1. Pierce the metric scale at the middlef and 
adjust it on the darning-needle os a pivot, so that 
it just balances. Now use the various weights at 
varying distances, altering the weights and the dis- 


10 cm. 

20 gmg. ^ 

20 X 10 = 200. 


90 an. 



Plg.0. 


10 X 20 - 200. 


tances until equilibrium is in each case arrived at. 
I^ext multiply the distance from the centre of sus- 
pension to the place where the bag is hung by 
the number representing the bag in question, and 
recoixi your results as follows : — 


Right-Hand Side. 

Left-Hand Side. 

Weight 
df Bfig. 

DiHtance. 

Product. 

Weight 
of Bag. 

e 

Distance. 

Product. 

lOgruw. 

IIIIIIIQQIII^ 

100 

20 gnus. 

Hi 

100 

60 gnus. 

5 oin. 

800 

10 gmie. 

SO cm. 

m 

aOgruw. 1 

4 cm. 

380 

16 gnus. 

20 cm. 

* »0 
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* From this we learn that whenever there is ociiiili- 
brium, the product of the weight into the distance 
from the point of suspension to the point of application 
is <jn each side equal. By adjusting the weights, we 
may, if the lever is only long eifcugh, make any 
weight, however small, counterpoise any weight, how- 
ever large. 

2. ^ow make the distances equal, and add the 
necessary weights until equilibrium is obtained. The 
weights will in this case always be found to be equal. 



Fig. 10.— Scilei or beam balance. 

This is the principle of the scales or beam balance, the 
ams of wliich are carefully made exactly equal in 
length, ^ that when in equilibrium the weights on 
th% pans must be also equal. 

3. Prcwe this by measuring the anns of your 
balance. 
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BuleJUf for using the Balance. 

(a) By adjusting the levelling screws, make the 
stand of the balance perfectly level, as shown by the 
spirit-level. ^ • 

(fc) Put the weights on the right-l^and pan, and 
the substance to be w'eighed on the left. 

(r;) Nei tiler remove nor add weights until the pans 
are brought to a stand-still. • 

(d) Start with the heaviest weight, and proceed step 
by step downwards until the right weight has been as- 
certained — that is, until equilibrium has been reached. 

(e) Notice what weights are absent from the box. 
This will tell you the weight of the body. Confirm this 
by adding up the weights as you i*eplace them in the box. 

(/) Remember that the balance is a delicate instru- 
ment, to be handled with extreme care. 

4. Weigh same sized cubes of oak, ash, pine, 
poplar, etc., and record your weighings on squared 
paper, each square standing for a definite weight; 



m. AREA. 

In the calico spoken of in the first lesson we cim- 
sidered only the length, although we could <iot easily 
get out of our minds the fact that it had breadth as 
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well as length; and this breadth must certainly be 
kept in mind, if we would form a correct idea of the 
real size of the piece of calico. How can we think 
of both length and breadth in conjunction ? By 
thinking of how much space the calico would cover — 
that is, by regarding neither the length nor the breadth 
separately, but by thinking of the surface-size, in 
whiclathc ideas of length and breadth merge. This 
surface-size, or covering power, is called area. Con- 
sider the following diagram. 


Fig. 12. 


We’ have one tier of four s(]uares, because the bise 
is four times the length of each square side, and the 
height is e(|[ual to the side of the sipiare. Now put 
on another tier, and again count the sciuares thus ob- 
tained. 


Fig. IS. 


There are eight of them. If we were to put on 
another tier, we should have twelve of them, and so 
on. It is e^dent that, in the case of a rectangular 
figure such as this, the surface comprises as many 
squares as equal the product of the number of divi- 
sions in ||he length by the number of divisions in the 
breadth. Hence the rule for obtaining the area of 
a rectangidar surface — namely, multii^ the length Iqr 
HbB breadth. At the end of this chapter are given the 
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rules for finding the area of various surfaces. The* 
student should verify these by actually measuring the 
surfaces — for example, after having measured the 
base and the height of a triangle, the triangle sfiguld 
be marked off on sectional paper, in order to see that 
the squares enclosed by the triangle equal the value 
got by multiplying the base into one-half the perpen- 
dicular height. «. 

Area by Weighing. — One of the most interesting 
ways of proving the truth of the various rules for 
ascertaining areas is by cardboard weighing, the prin- 
ciple of which operation is very simple. If we get 
cardlxmrd which is of the same kind throughout its 
substance, then equal weights of it must correspond 
to equal areas — for example, suppose a square of this 
cardboard and a triangle are found each to weigh the 
same, we infer that the area of the square is exactly 
that of the triangle. 

Practical Work. 

1 . Take a piece of string and double it up four or 
live times. Now measure carefully the length of the ' 
folded-up string ; after which, unfold it and measure 
the entire length, and show that this equals the pro- 
duct of the length of the folded-up string by the num- 
ber of folds. Thus, if, when folded up, the string is 
8*4 cm. — that is, 84 mm. — long, its entire length 
should be, supposing four folds to be taken, 33*6 cm., 
or 336 mm. long. This gives the rule for the mul- 
tiplication of decimals by whole numbersV-namely, 
multiply as in whole numbers, and mark off as many 
decimal places in the product as there me decimal 
places in the multiplicand. - 



AREA. 


27 


2. Draw a line 3*6 cm. — that is, 36 inm. — long, 
and another one at right angles thereto 2*3 cm. — thalr 
is, 23 mm. — long. Complete the rectangle. Now 



Fig. 14. 

count the centimetre squares, and proceed to ascer- 
tain the area of the parts not included in these 
squares: thus, 6 mm. x 23 mm. == 138 sq. mm., and 
30 mm. X 3 mm. 90 sq. min., or a total of 228 
sq. mm., which, as 100 sq. mm. make a sq. cm., gives 
2*28 sq. cm. + 6 sq. cm — that is, 8*28 sq. cm. as the 
area of the 3*6 rectangle. But multiplying by 2*3 
yields the same result ; thus proving the rule for tlie 
multiplication of decimals — namely, multiply as in 
whole numbers, «and mark off as many decimal places 
in the product as will equal the sum of the number 
of decimal places in both multiplier and multiplicand. 

If the sides had been 1 mm. respectively, the area 
would have been 1 sq. mm. — that is, if *1 cm. be mul- 
tiplied hy *1 cm. the product is *01 sq. cm. If the 
sides were *01 cm. and *1 cm. respectively, the area 
would h9 *001 sq. cm.; and again the rule for the 
jnultiplication of dedmab is illustrated. 
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8. Cut out a square of cardboard, and weigh it* 
with great care. Now measure the base, and so get 
its area by squaring this base. Record your results 
thus : — • 

X Hq.tsm. of the cardboard — gms. 

4. Now cut out various figures in the same card- 
board, such as parallelogram, triangle, circle, hexa- 
gon, and having most carefully weighed them, pAx^eed 
to determine their area by simple proportion. 


In order to test your work, the following rules for 
determining the area of various figures are given : — 

Area of square = square of base. 

Area of rectragle = bane x height. 

Area of triangle = bane x ^ height. 

Area of parallelogram =3 base x per|)endicular height. 

Area of circle s ^ x aquare of radius. 

Area of hexagon ss base x 3 times height of equilateral tri- 
angle upon the oase. 


IV. VOLUME. 

We have now to advance one step further in our 
measurement of size. If we take a box or hollow 
cube, and wish to express the size of it, we cannot do 
so by saying how long it is; nor haye we done this 
when we state the breadth also. A further dimen- 
sion — namely, depth — must be known b^ore the real 
size of the box can be stated. 

Another way of expressing the size of a vessel such 
as the one in question is by stating how muoh liquid 
it is capable of holding. Ihe size of a vessel is called 
its Tolumei oapacitv. or holding power. • 

Unit of Volnma — ^In England the unit of volume i; 
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\he cnbie yard. In the metric system it is the cubic 
metre. But each of these legal units is much too 
large, and consequently the customary unit in Eng- 
land is the cubic foot, and in France the cubic deci- 
metre. (See Fig. 8, p. 21.) * 

In addition \o this unit of cubical capacity, there 
is the unit of liquid measure, whicli with us is the 
gallounand in France the litre, the volume of a cubic 
decimetre. The gallon is the volume of ten pounds 
of water at 4® C., so that a gallon of water weighs 
ten pounda A litre of water weighs a kilogram, or 
a thousand grams, and therefore the gram is the 
weight of the thousandth part of a litre of water 
— that is, the weight of a cubic centimetre of water 
at 4** C. 

To secure accurate measurement of volume, many 
kinds of measuring vessels have been devised, of 
which the chief are (1) the graduated cylinder, (2) the 
burette, (3) the pipette, and (4) the measuring 
flapk. 

These vessels are all figured below, but they 
* should themselves be examined carefully, so 
that the student may realize what they are, 
and when they are to be used. 

The graduate^ cylinder is divided either 
into cubic, centimetres and its subdivisions, or 
into ouncea « Thus a cylinder holding half a 
litre will be divided into 500 c.c., each of 
which will be further subdivided into tentha onlSiiiied 
A cylinder holding a pint, which is the eighth «/«««*«• 
part of a gallon, will be divided into 20 oz., each 
again beii^ subdivided into tenths. As the gallon 
o| water weighs 10 pounds, or 160 ounces, it will be 
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seen that the fluid ounce, as it is called, will be the 
volume taken up by the twentieth part of a pint ; and 
it is further to be noted that the only fluid ounce 
that really wei^s an ounce, is an ounce 
of water, so th^ the term fluid ounce is 
somewhat misleading, it being an ounce, or 
more or less than an ounce, according as 
the liquid is water, or a liquid heavier or 
lighter than water respectively. 

The burette is a vessel graduated for 
delivering a measured portion of liquid. 

It is provided with a stop-cock at the 
bottom, and is graduated in cubic centi- 
metres and cubic millimetres. 

The pipette is a 
very interesting bit 
of apparatus for de- 
livering certain vol- 
umes of liquid, the 
amount of which is stated on 
the pipette. Suppose it is re- 
quired to deliver 60 c.c. of water: 
a 50 c.c. pipette is selected, -and 
Pig. i7.-pjp#tte. the narrow end is placed in 
the water. The next thing iq^to suck up the 
water until it is past the mark in the upper part 
of the pipette. Thereupon the index Anger is 
firmly placed over the aperture, and so the pres- 
sure of the atmosphere is prevented from forcing 
down the liquid which remains in tha pipette. 
Very carefully now the finger is slightly looBehed,and 
the air being thus allowed to enter depresseefthe liquid 
As soon as the liquid is on a level with the mark op 




Burette. 
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\he pipette, the finger is again pressed tightly do\vn 
on the aperture, and the 50 c.c. of water is now en- 
tirely under control for delivery. When the finger is 
renoipved from the aperture, 50 c.c. of water will flow 
from the pipette into whatever vessel is placed to 
receive it. Incidentally it may be noted 
how well the pipette establishes the fact 
that aar exerts pressure. 

The graduated or measuring flask has 
a mark on its neck, and when full up to. 
the mark it contains the volume recorded 
on the flask. 

To graduate a flask in cubic centi- 
metres, we first carefully counterpoise it, 
and then pour in one gram of water at fiv. is. 

4® C. for every cubic centimetre the flask 
is intended to hold. Thus, if we want a half-litre 
flask, we take heed to have just 500 gms. pf water, 
the level of which is marked on the neck of the flask 
by a file. 

It is important to notice that whereas the cylinder 
and the flask register the amount of liquid they con- 
tain, the pipette and the burette register the amount 
of liquid they are intended to deliver. 

Volume by Displacement of Water. — If a vessel is 
quite full of water, and a pebble is placed in it, some 
of the water will overflow, because where the pebble 
is there cannot be water, and the water that is thus 
displaced by the pebble must overflow, as the vessel 
was already full when the pebble was placed therein. 
If we measured the water displaced, we should know 
exactly thd size or volume of the pebble. A better 
way of performing this experiment is to have a cylin- 
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der or a burette only partly filled with water, so tha^' 
when the solid, whose volume is required, is placed 
in the vessel there is no overflow, but a rise in level. 
The difference between the old level and the jiew 



Fig. 19.<-Voluine by tliiplaoement of water. 

exactly measures the volume of the pebble. By this 
simple means the volume of a most irregular solid can 
be found, provided, of course, the solid is not soluble 
in the liquid used. 

Practical Work. 

For this exercise there are required portions of 
soap, cheese, clay, butter, pebble, slate-pencil, and 
various other solids, measuring vessels, and balance. 

1. Cut out a cubic centimetre of f|^ many sub- 
stances as possible — ^for example, soap, cheese, clay, 
butter — and find the exact weight in each case. 

2. Find the volume, by displacement of ^water, of 
as many insoluble solids as possible — for example, 
pebble, piece Of slate-pencil, nail, etc. -musing the 
burette and the cylinder for this purpose. 
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3. Take a small Wiirtz flask, or any other vessel 
provided witli a suitable exit. Fill exactly up to the 
exit with water, and then place a stick of 
slate-pencil or other solid in the water, care- 
fully collectingjind measuring the water which 
flows out by way of the side tube when the 
solid is placed in the flask. 

4. ^nto a small, carefully - countei*poise<l 
flask deliver successively 10, 20, 30, 40, 50, 

etc., C.C. of water, and weigh so as to determine tho 
weight of a c.c. of water, which, as above stated, 
should be about a gram. 

5. Carefully weigh specimens of clialk, iron, bras8,etc., 

the specific gravity of which is known. After weighing, 

proceed as follows : — 

^ Chalk. 

Weight of chalk taken 8'.'} gnriH. 

If this were water, its volume would ho = 8*5 c,c. 

But chalk is 2*0 times os heavy as water, 

. • . specific gravity of chalk taken = c.c. 

6. Obtain, by weighing, the volume of as many 
substances as possible, using a table of specific gravi- 
ties to tell how many times the body is heavier than 
water. Thus, if the specific gravity or relative den- 
sity of iron is 7*8, and we weigh out 50 gins, of it, 
we shall reason tjius : — 

50 gms. water measure 50 c.c. 

But iron is 7*8 times as heavy as water, 

. * .*50 gms. iron measure c.c. 



. v! DBN81T7 OB SFSOIFIO OBAVITY. 

We hafe already shown that although mass or 
qnantity of matter in a body is quite different from 

3 
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weight or earth-pull upon the body, still weighing is 
the only easy way in which we can conveniently 
compare masses ; and if we are careful to weigh the 
bodies to be comjpared under exactly the same condi- 
tions, the comparison is a just one. Thus, if a piece of 
butter weighs just as much as a pound weight, we are 
justified in believing that there is just as much matter 
in the butter as there is in the weight ; likewise, if a 
cube of lead weighs half as much as the same-sized 
cube of platinum, we infer that there is twice as much 
matter in the platinum cube as there is in the leaden, 
and we say tliat the density of platinum is twice that 
of lead, because, we argue, the matter is packed twice 
as closely in the former as in the latter case, just as 
we speak of a dense fog or a dense crowd, because of 
the closeness of the packing. To simplify matters, it 
has been agreed upon to always express the density of 
a body by reference to the unit of volume, which in the 
English system is, for scientific purposes, the cubic foot. 
Hence, we define density os the mass of nnit volume ; 
and as mass is expressed in terms of weight; we arrive 
at the simple rule that the weight in pounds of a cubic 
foot of a body represents its density, thus : — 


Name of Bodj'. 

Wvight of a Cubic Foot ^ 

Density. 

Wftter 

62A Ilia. 

625 

Mercury 

812 lbs. 

c 812 

Iron 

432 lbs. 

432 

Oak 

731b8. 

73 


In the metric system the unit of volume, f oroscientific 
purposes, is the cubic centimetre; wherefore the density 
of water in this system is 1, as a cubic Centimetre 
of water weighs one gram. • 
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Spedflc Gravity is another and the more usual way 
of comparing masses and densities. In the case of 
density determinations, we simply find the mass of 
unit volume as expressed in pounds, so that the ratio 
is between the pound weight as unit* and the number 
of pounds of matter in unit volume of the sub- 
stance. 

Here we may take " specific ” to mean “ special/* 
and “ gravity *’ to stand for " mass expressed in weight/* 
and so specific gravity determinations express relative 
mass. The speciality about the process is that we 
compare, not with the pound weight, but with the 
mass (or weight) of water equal in volume to the 
body compared. We fii-st determine the weight of 
a certain volume of the substance under examination, 
and then calculate the weight of the same volume of 
water, and divide the former by the latter. Thus : — 

Specific gravity = — ......... 

^ ' Weight of an equal volume of water. 

Practical Work. 

1. Counterpoise a light glass -stoppered bottle or 
flask holding about 50 c.c. Now fill up to the top 
with water, and insert the stopper, wiping off the 
water that is ^rced out by the insertion of the 
stopper. Weigh the water, and so calculate the 
volume of Uie bottle, allowing 1 c.c. for each gram 
of water. 

2. In the same bottle weigh milk, vinegar, oil, par- 
aflhd, tea, coffee, salt water, methylated spirit, etc. 
Divide each of the weights thus obtained by the 
weight of®the water as obtained in the last experi- 
ipent ; the quotient is the specific gravity of the 
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liquid in question, and expresses its density as com* 
pared with water as unity. 

3. Find the weight of 1 c.c. of each of the 
liquids by dividing the weight of the volume required 
to fill the bottle oy the number of cubic centimetres 
contained in the bottle. As a cubic centimetre of 
water weighs 1 gram, these numbers will be the 
specific gravity of the liquids in question. f 

This is the usual way of ascertaining the specific 
gravity of liquids, except that the trouble of weighing 


SOgmniR 


the water each time is avoided by using 
a specific gravity flask, which is speci- 
ally made to hold just 50 grams of 
water about 16° C. The special device 
consists in a stopper which has a fine 
perforation through it, so that when it 
is pressed down upon the liquid, any 
excess escapes by way of this perfora- 
tion. Instead, therefore, of weighing 


Fig. 2 i.-specmo the water and then the liquid, we 
gn?ity flask. 0iinpiy counterpoise the specific gravity 
flask, then fill it up with the liquid under determina- 
tion, the exact volume required being obtained by the 
insertion of the stopper above described. All that 
now requires to be done is to weigh the liquid and 


then divide by 50, which is the weight of the volume 
of water capable of filling the specific gravity flask. 
Thus, suppose the bottle contains 75 grams of a 
liquid, the specific gravity will be ^ = 1*5. 

If possible, the specific gravity flask should be used 
in the above experiments in place of the ordirikry 
flask. 
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VL 8PE0IFI0 GBAVITT OF LIQUIDS-SEOOND 
METHOD. 

There is an even more speedy waj^of obtaining the 
specific gravit;^ or relative density of litiuids, which 
will be i*eadily undei*stood after a brief discussion of 
Floating Eodies. When a solid is completely iin- 
mersdi in a liquid, it displaces its own volume of the 
liquid, as was seen in the overflow or rise of the water 
in the experiments on determining volume by displace- 
ment of water. 

But in the case of a ship, or a piece of wood, or 
other floating body, the case is different, for it is 
evident that the floating body does not displace its 
own bulk of the liquid in which it floats. How much 
does it displace ? To answer this question we must 
first ascertain the weight of the floating body, for it 
displaces its own weight of the liquid in which it floats. 
If we float a regular solid in water so that we can 
readily obtain the volume of 
the immersed portion, it will 
be a very easy matter to ob- 
tain the weight of the floating 
body without actually weigh- 
ing it. Thus, suppose a block 
of wood, as in Fig. 22, to float 
in water, so that the immersed 
portion is indicated by the 
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whole of the block, since it displaces its own weight 
of water, and 288 grams is the weight of water actu- 
ally displaced. 

Hydnometers.— This illustrates the principle of • the 
hydrometer, an instrument for determii)^g the specific 
gravity of liquids. 

The common hydrometer consists of a long stem 
and a bulb of glass. In the bulb is placed 
some mercury, so that the instrument may 
float upright in the water. By experiment it 
is ascertained how far down the neck sinks in 
water, and a scratch is made on the narrow 
stem or neck at this point. If, when placed 
in liquid other than water, the hydrometer 
sinks below this mark, the liquid in question 
is liglder than 'kvater. If, contrariwise, the 
scratch mark is above the surface of the liquid, 
have to do with a liquid heavier than water. 
hydrom- A littlc thought will make it easily understood 
why this is so, especially if what has been 
said in the previous section is remembered. Hydrom- 
eters are graduated to tell not only that a certain 
liquid is lighter or heavier than water, but also to 
tell exactly its specific gravity by appropriate figures 
upon the stem. ^ 

Lactometer. — ^This is the instrument used to deter- 
mine whether or not milk has been adulterated (1) 
by the removal of the cream, (2) by the addition of 
water. The specific gravity of milk is 1*032, and a 
hydrometer is so constructed as to show whether the 
specimen under examination has this density orWt. 
^U8, in the lactometer figured below/the murk M in- 
dicates the depth to whi<^ the instrument would sink 
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*in a pure specimen of milk, whilst W shows the depth 
to which it would sink in water. This, however, is 
not sufficient ; for, by removing the cream and adding 
water, the required density — namely, 10 3 2 — may still 
be maintained, since Cream, which con- 
sists of minute globules of fat encased 
w in albumen, is lighter than milk, and 
M its removal would raise the specific 
gravity of the liquid, which could again 
be lowered to 1*032 by the addition of 
water. It is necessary, then, to ascer- 
tain the amount of cream that should 
be present If the milk is placed in a 
narrow vessel, and is allowed to settle, 
the light cream will rise to the top, and 
Fig. 24.-Lactometer. 10 to 12 per cent of the height 
of the column should be cream. A vessel 
is graduated in such a way as to indicate 
the height of the cream layer, and so the 
proportion of cream is calculated. If the 
cream has been removed, and the specific 
gravity is still normal, it is certain that 
water has been added ; and even if the 
cream remains, but the specific gi’avity ^ ^ 
is below 1*03^ it is again evident that wiu^toucer. 
water has been added. To analyze milk 
thoroughly ^requires both chemical and 
microscopical examination in addition to cream and 
specific gravity determinations ; but for ordinaty 
household purposes the two latter determinations 
would suffice. 

Nicholson’s Hydrometer. — ^This is a brass hydrometer 
.with a plate or scale-pan at the top of the stem for 
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canying weights, and a weighted part at the bottom* 
for keeping the hydrometer upright as it floats. A 
mark is made on the stem, and when the hydrometer 
is floated in a liquid, sufficient weights are placed in 
the scale-pan to •sink the mark to the level of the 
liquid. Tims a fixed volume of the liqfiid correspond- 
ing to the volume of the hydrometer up to the mark 
is in cjich experiment displaced. Hence we huve a 
ready means of comparing the weights of equal 
volumes of different liquids. For example, suppase 
we wish to determine the relative density of olive oil 
by means of Nicholson’s hydrometer, we 
shall (1) float the hydrometer in water, 
and add weights until the mark is level 
with the water, wlien the weight of the 
hydrometer plus the weights added are 
together equal to the weight of the 
volume of water displaced by the hydrom- 
eter. (2) We next float the hydrometer 
in the oil, adding weights as before until 
the mark is level with the surface of the 
oil, when the weight of the hydrometer 
FJg. 20.~Nichoi. weights added to bring the mark 

son’s hydrometer, surface of the oil are to- 

getlier equal to the weight of the oil jflisplaced by the 
hydrometer. But this volume is exactly equal to the 
volume of water displaced in the former^ experiment, 
and the relative density or specific gravity of the oil 

Weigjht of oil, 

"" Weight of name volume of water. • 

That ii ^ Weight of hy drometer -f a d ded weights in (1). 

’ WeigFt of barometer + added weights fh (2). 
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Practical Work. 

1. Take a test-tube, and pour mercury into it 
as J)allast until it floats upright in water. Mark 
the tube to show how deeply it siftks in the water, 
and compare this with the depth to which it sinks 
in alcohol, turpentine, milk, vinegar, oil, and otlier 
liquic^. 

2. By means of the specific gravity flask, and also 
by the. aid of the hydrometer, determine and record 
the specific gravity of methylated spirit, turpentine, 
beer, vinegar, olive oil, petroleum, and milk. 

3. Put a new-laid egg in water, and then in water 
that has been made very salt. Notice 
that it floats in the salt water. What 
do you learn from this ? 

4. With hydrometer and with 
specific gravity flask, show that the 
salt water in which the egg floats is 
heavier than the water in which it 
sinks. 

Thus the buoyancy of water de- Fig. 27 .-Eggin(fl)Mit 
pends upon its density, as is shown 
by the fact that a man can hardly sink in the very 
salt water of the Dead Sea. 

5. Ascertain the depth to which the lactometer 
sinks in new^milk, skim milk, and water respectively ; 
also determine the amount of cream in a few speci- 
mens of skim and unskimmed milk. 

6. U^ng Nicholson’s hydrometer, determine the 
relsitive density of olive oil, as explained in the open- 
ing remarks of this chapter. Determine other liquids 
b^ the same means. 
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VII. GENERAL EFFE0T8 OF HEAT ON MATTER. 

Heat is Power or Energy. — At one time it was be- 
lieved that heat was a material substance called ca|orlc, 
and that “ the dffierence between the states of a body 
when hot and when cold was due &> the presence 
of a substance called caloric, which existed in greater 
abundance in the body when hot than when •cold.” 
But a piece of iron when heated weighs exactly the 
same as when cold, so that it certainly gains nothing 
in substance in passing from the cold to the heated 
condition. Heat, then, is not matter, but power or 
energy, which can accomplish much, as a cursory look 
round will show. 

% 

Ohange of State. — If a piece of solid water, or ice, 
as it is called, is heated, it is converted into liquid 
water, which again, on being sufficiently heated, be- 
comes water-gas. This change of state from solid to 
liquid, and from lic|uid to gas, is one of the most 
common and most interesting of the many changes 
brought about by the power called heat. 

Expansion of Bodies. — Heat causes bodies, whether 
solid, liquid, or gaseous, to expand. The cracking 
of the lamp glass is due to the fact that glass is a 
bad conductor of heat, so that whei^ heat is applied 
to one part of the glass it does not readily pass to 
the other parts. Hence the heated pprtion in ex- 
panding forces itself away from the remainder, and 
a rupture ensues. For the same reason the ends of 
consecutive rails in a railway are alwayi^ a short 
distance apart, so that when &e rails are .heated in 
summer, or by the friction of carriages at^ any time, 
they have room for expansion, and are not l^nt, fs 
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would inevitably be the case were it not for this 
safeguarding gap. 

The expansion of liquids and gases will be apparent 
from the experiments which follow. 

The formation of rain, dew, mist, Stc., and of winds 
and ocean currents, etc., depends upon the expansive 
effects of heat. In the home, ventilation is nuule easy 
and Simple by the action of heat in expanding the 
air, and so producing currents that result in an out- 
flow of heated air and an influx of cooler air. It is 
because of this expansive effect of heat tliat we arc 
careful to weigh the cubic centimetre of water at 
4® C. when we want the water to weigh a gram, and 
why we keep the standard yard at ()2° F. 

Heat causes Decomposition, and also brings about Oom- 
binatioa — If some chlorate of potash is heated, 
oxygen conies off in consequence of the decomposition 
of the substance under the influence of heat ; whilst 
the burning of fuel and luminants, such as coal-gas 
and petroleum, is due to the fact that the applica- 
tion of heat causes them to combine with the oxygen 
of the air. This will be dealt with fully in a later 
section. 

Oooking. — By means of heat, foorl is made both 
more palatable ^and more digestible, as will appear 
later. 

Incandescsnce. — When the temperature of a body 
is raised, it may (1) decompose, (2) combine with 
some other body, or (3) become white hot or in- 
candescent. This last possibility is a most important 
ond, since it shows that heat and light are different 
only in degree and not in kind ; for the passage from 
beat to light is simply due to an increase in tern- 
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peraturc, light being emitted from bodies that have 
been raised to a high temperature. This is the case 
with the sun, with the electric light, with gas, petro- 
leum, candles, the limelight, and indeed with all lumi- 
nous bodies, whiAi are simply solids, liquids, or gases 
raised to incandescence by great heat. The so-called 
mantle of the incandescent burner, that has lately 
become so popular, consists of a substance that does 
not easily decompose, and that therefore can be 
raised to the state of incandescence, to which is due 
the brilliant \vhite light for which the mantle is 
valued. 

Finally, life itself is dependent upon light and 
heat, so that it is impassible to overrate the importance 
of this great natural power that we call heat. 

Practical Work. 

1. Heat some chlorate of potash in a test tube, 
and place a smouldering chip at the mouth of the 
tube. The rekindling of the chip that results is due 
to the action of the oxygen produced by the decom- 
position of the chlorate of potash. 

2. Take a piece of iron vrire, and heat it in the flame 

of a Bunsen burner or of a spirit-lamp. Observe the 
change from black heat to red hea^, and finally to 
white heat. If the wire be carefully examined after 
heating, it will be found that a scale has formed on 
it daring the heating pixx^ess. This is a new body, 
due to the joining together of the wire and the 
oxygen of the air. • 

3. Next heat a piece of platinum wire, and note 
the same changes; and also that the platinum wire 
upon cooling is found to be totally unchanged, the 
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heat having brought about no union between tlie 
platinum and the oxygen of the air. 

4. Take now some magnesium wire, and heat this. 
Observe the brilliant light and the white product of 
the burning. JIow totally unlike tfie magnosium it 
really is ! It is an entirely new Ixxly — namely, mag- 
nesium-oxide. Here the heat has brought about com- 
plete 8ombination between the metal and the oxygen 
of the air. 

5. Expansion of Solids. — Take a flat piece of iron 
about a foot and a half long. Place it upon two 
wooden blocks, as in the figure, one end lieing kept 
firmly in place by a heavy weight, the other resting 
upon a needle placed upon the smooth surface of 



the block, the needle having a straw attached to it 
by means of wait A divided semicircle of cardboard 
is placed near the block, so that it may measure any 
movement of«the needle. Let the straw be vertical at 
the commencement of the experiment. Now proceed 
to heat the iron, and observe the movement of the 
straw, and therefore of the needle, as the iron be- 
oowlbs hot. This movement is due to the expansion 
of the iroA ; and the object of the straw is to make 
this movement more apparent than would be the 
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case if we merely noticed the roll of the needle, or 
the lengthening of the bar, which is very small 
indeed. 

Strips of other metals than iron may be used,oand 
similar results \^11 be obtained. 

0. Expansion of LUoids. — ^Take three 4-oz. flaska 
In the cork with which each of the flasks is to be 
fitted insert about a foot of glass tubing of ^-inch 
bore. Fill the flasks with water, turpentine, and 
alcohol respectively, and push in the corks until the 
liquid stands at exactly the same height in each 
flask. Place the three flasks in a vessel containing 



n'attr, THrfientiHe. Alcohol. 
FJg. 20. -Expansion of liquids. 


water, say at about 80° C. 
At first the liquids sink 
slightly. This is due to 
the expansion of the glass 
before the heat has had 
time to expand the liquids. 
But soon the liquids are 
heated and expand, as is 
seen from the columns that 
begin to rise in the glass 


tubes. The alcohol is evidently most expansive ; and 


next to that the turpentine, the level of which rises 


nearly twice as high as the level of ^e water. From 
this experiment we learn, not only that liquids ex- 
pand, but also that for the same increase in tem- 


perature there is not the same amount of expansion 
for each liquid, but a different amount of expansion 
for each, different liquid. Volatile liquids^ such as 
alcohol and chloroform, are, as a rule, most expan- 
sive. This ia well seen by a comparison between 
the expansions of quicksilver and alcohol ; the former 
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liquid will be seen to expand six times less than the 
latter. 

7. Expansion of Qases. — Fit a good-sized tin can with 
a leading tube, the end of which dips under a beeliive 
shelf in a trough filled with water, a8 in the diagram. 
Over the beehive shelf place a gas jar filled with 
water, and apply heat to the can. Observe that 
bubblis^of gas soon pass up the gas jar and drive 
down the water. These are air bubblers con.se()uent 
upon the expansion of the air in the can by the 
heat, which causes some of the air to be <1 riven out. 



Fig. 30.— ExpanBlon of guos. 

By-and-by, if thq heat is reduced, the water will rush 
up and fill the space previously filled by the air now 
collected in tjie jar, affording a proof of the contrac- 
tion of gases upon cooling. 

8. Fit a cork, through which passes a straight 
tube, intev the neck of a 2-oz. flask. Invert the flask, 
and^pass the tube through the cork in the neck of 
a wide-momthed bottle containing water coloured with 
lijmiis or other colouring matter. Wami the fl^k 
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with tho hand to expel some of the air. This air 
will bubble up through the coloured water. Now re- 
move the hand, and allow the temperature of the flask 
to sink. Observe the column of coloured 
wrfter that rises in the tube. If the 
upper flask is further cooled, this ad- 
ditional loss of heat will be registered 
by a further increase in the height of 
the column of coloured water. If, on 
tho other hand, a further expansion of 
the air in tho flask is brought about 
by the application of more heat, then, 
the column of coloured liquid will be ob- 
served to fall. This arrangement serves 
the purpose of a temperature measurer 
or thermometer; and as tho column whose 
contraction and expansion causes the rise and fall of 
the coloured water is an air column, this arrangement 
of flasks is an air thermometer. 

It is Worthy of note that, whereas solids and 
liquids expand differently for the same increase of 
temperature, the increase of volume for the same 
increase of temperature is practically the same for 
all gases, which expand ^3 of their volume at 0® C. 
for each additional increase of 1® G. in the temper- 
ature: thus, a litre of air at 0® C. would become 
two litres at 273® C. 0 



Fig 81. 

Air thermometar. 


vm. THE THEBMOHBTBKl; ' 

Ckmstraetloii of Thennometor. — ^The air tner^bmeter 
constructed in our last experiment would be of ISttle 
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flse in determining either the temperature of our 
rooms or of boiling water. For sucli purjxxses we 
make use of a meixiury thermometer, or, if the 
temperature to be measured is not a liigh one, an 
alcohol thermometer. In the construction of a thm*- 
mometer we ha^’e (1) to till the tube: (2) to fix the 
boiling point and the freezing point of water : and 
(3) to^graduate the interval l)etween tliese two im- 
portant thermometric points. To construct a mercury 
thermometer is t(X) difficult for tlu? beginner to at- 
tempt ; but all the main points may be 
learned just as well from an alcohol tlu:r- 
*mometer, the construction of which is 11 

comparatively simple. I 


Practical Work. 

A piece of thermometer tubing of i-inch 
])ore is to be taken, and a bulb blown on 
to the end. Now connect the end remote 
from the bulb with a funnel by means 
of indiarubber tubing, and place in the 
• funnel some methylated spirit, coloured 
with aniline. Surround the bulb with 
hot water by placing it in a vess<d con- 
taining water that has been heate<l. The 
air bubbles out and escapes through the miiw. 

alcohol, in consequence of the expansion dut» tf) the 
heating. The bulb is next to be removed from the 
water and allowed to cool, whereupon some of the 
alcohol w^l be forced into the bulb. Again insert tlie 
bulb»ip the water, when the alcohol will vaporize 
and iyiSl^the air. See that the alcoliol tills the 

bulll^nd that no bubbles of air i*cmain in it. If 
* (tew) 4 




Kl*f. .’*2. - Tlier. 
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necessary, repeat the whole operation until this coni 
dition has been assured. Place the bulb in your 
hand, in your mouth, in warm milk, etc., and record 
the temperatures thus obtained. As alcohol bo^s at 
78® C., the therRiometer thus improvised will only be 
available for temperatures lower than%is. 

Application to Mercurial Thermometers. — With^ mer- 
curial thcrihometer, we should next proceed to seal up 
the open end whilst mercury and mercury vapour fill 
its whole length, so that the sealed tube may contain 



Flff. ». Fir. 34. Fig. 85. 

Idliodacing meronry Into Mode of fixing the Modo of fixing the 

thermoneter tube. fraexlng point ^ boiling point 


no air, but simply mercury and mereuiy vapour. To 
find the freezing point of water, the bulb placed in 
melting ice ; w'hilst for the boiling pointy the bu)b is 
-4|>laced in steam. Tlie accompanying illue^tion will 
show how this is to be done. 
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• GradnatioiL — Having found the freezing point and 
the boiling point of water, it now remains to divide 
the distance between these two points in such a way 
as tfi indicate the various temperatures between these 
two points, and also above and l)eIo\Mathein. 

There are tVo chief ways in which this is done. 

FAHRENHEIT. OENTIQRAOE. REAUMUR. 



FIf. 86.~Th€niioiD«ter ■gaIm. ^ 

In this oounlry we divide the interval between the 
freeang point and boiling point of water into 180 
snudi divjfnons or degreea On this scale the freezing 
poiqt of water is marked 32”, and so the boiling 
pmnt will, be 212”. The reason for this is tha#^ 
Fahrenheit, to whom is due this mode of graduation, 
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erroneously thought that 32° below the freezing® 
point of water marked the lowest temperature at- 
tainable, which point was naturally termed zero ; and 
consequently the freezing point of water, being *32° 
above this zero, Ivas marked 32°, and adding this 32 
to 180 we arrive at 212° F. as the tailing point of 
water, as above said. 

A much more convenient mode of procedure is due 
to Celsius. Here 0° marks the freezing point and 
100° the boiling point of water. Thus there are 100 
steps or grades from the freezing to the boiling point 
of water, on which account it is usually known as 
the Centigrade thermometer. It is used exclusively 
in France and in other countries. In all countries 
scientists make use of it on account of the convenient 
division into 100 stei)s. 

In reducing one scale reading to that of another, 


we have — 


100’ C. = 180* F. 


.*.5^0.=: 9*F. 


As the freezing point of water is 0° C. and 32° F., 
we must add 32° to our Centigrade degrees when 
we have reduced them to Fahrenheit degrees; and 
we must subtract 32° from our Fahrenheit degrees 
before turning them into Centigrade degrees, thus : — 

0.=-?{F.-32> 

^ Q 

F.-32:=?C. • 

Fig. 36 will make clear why 32 has to be added to or 
subtracted from the Fahi*enheit degrees. « 

The CUnical Thennometer. — This is the name given 
to the thermometer used by the doctor at the bedside 
of the patient (Or. couch). To understand the 
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use of this special form of temperature moasure, it is 
only necessary to lemember that the temperature r 
of the healthy body is always 98*5^ F. Any decree 
of heat above or below this is an ii^ication of 
indisposition, h^nco the importance attached to 
temperature by the medical practitioner. For 
the rest, the clinical thermometer is to be ex- 
ceedingly sensitive; hence the bulb is of the 
thinnest glass, and as it is required to register 
temperatures a little alxive or a littU^ IkjIow the I 
normal 98'5'* F., its range is a short one — I 

namely, from about 80"* F. to 120'' F. Fig. 37. 

In the house the thermometer is not used lilerow. 
nearly so much as it should be. In the first 
place, no living room should be without its thermom- 
eter. How often do we find a huge fire built up, and 
a dangerously high temperature thus brought about, to 
be succeeded, when the fire goes down, by an eipially 
dangerous low temperatui’e ; whereas it should be the 
aim of every wise housewife to maintain an ocjuable 
temperature of about 60® F.,and to do this a thermom- 
eter is absolutely essential. Its use would certainly 
result in a saving of both coal and health. Again, 
in cooking operations, the thennometer should always 
be at hand, so Hhat tlie temperature of oven and 
saucepan maybe known. No good cook can affotxl 
to dispense \Ath the aid of the thermometer. 

Practical Work. 

1. With a thennometer ascertain the tempeiutoro 
(a) of the room ; (6) of the oven ; (c) of the water 
in a saucej^n, wherein are being boiled meat, potatoes, 
etc. 
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2 . Place a clinical thermometer, or, failing this, 
an ordinary thermometer taken from its stand, in the 
mouth or under the aim-pit. Note the temperature 
recorded. * * 


IZ. WEIOHT OF THE ATMOSPHERE. 

Wlien wc speak of a jug or a glass as ‘'empt^,” we 
arc not speaking in strict accordance with fact; for 

it is only necessary to 
invert the vessel, and 
to press it down into 
water, in order to prove 
that there is some- 
thing present that 
prevents the water 
from filling up the 
glass or the bottle. 
Fig. 88 .-Prweiio«of»j»intn“enipt 7 ”giM«. Further, if the vessel 

is tilted a little on one side, bubbles will flow upwards 
through Uie water and escape from the surface. Thus 
an ** empty'* vessel is really full of air; and to get a 
really empty vessel is a matter of no small di£5culty, 
for even with the air-pump only a partial vacuum 
can be obtained. Air, being mattef, is attrcu^ted by 
and attracts the earth — that is, it has weight. To 
prove this is the object of our next exp^ments. 



Practical Work. 

1 . Take an ordinary round-bottomed Floihnce flask, 
and place therein a small quantity of water — sd ec. 
will be a suitable quantity. Select a well-itting cork, 
and bml the water in the flask, and so drive out all 
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the air, the place of which will bo taken by the 
water vapour. Whilst the water i.s still boiling, in- 
sert the cork in the flask, and carefully weigh. Now 
remove the cork, and, as the flask 
cools down, the air will enter. 

Weigh again with utmost cart‘, 
and ascertain the increa.se in 
weigllt, which will be the weight 
of the volume of air reejuired to 
fill the flask. Next, by means 
of the graduated cylinder or the 
burette, find out the volume of 
the flask, making allowance for 
the water still remaining therein, 
and therefore of the air whose 
weight has just been ascertained. 

In this way the weight of a cubic 
centimetre and of a cubic foot of air should be calcu- 
lated. Note that a cubic foot of air weighs alx)ut an 
ounce. Better results will be obtained by substituting 
a cork fitted with a glass tube, to which is attached 
a piece of rubber tubing carrying a well-fitting clip, 
which remains open whilst the water is boiling, but 
is closed immediately it is adjudged that all the air 
has been expelled- (See Fig. 39.) 

2. Suspend a flask from one of the arms of a 
balance, and ^exactly counterpoise it with small shot 
or with tinfoil. Now with a Bunsen burner or a 
spirit-lamp heat the flask, and note that the coun- 
terpoise is now heavier than the air that fills the 
flask. 

From tUs it is evident that hot air is lighter than 
epld air, and that gases expand on heating. 



Fig. m - Kx|JcUlng air 
from water. 
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X. VENTILATION AND OIBOULATION IN HOT- 
WATEB SYSTEMS. 

To tlic houHcwife, by far the mast important* ap- 
plication of th(^ expaiiHion of bodies on heating is 
in connection with ventilation and tlie circulation of 
heated water, about each of which a few words must 
be said. • 

Ventilation. — The sad story of the Black Hole of 
Calcutta always comes to mind when the dire effects 
of bad, or no, ventilation are under discussion. The 
one hundred and twenty-three victims of Suraj-ad- 
Dowlah s savagery furnish us with an awful illustra- 
tion of the harm that may be done by impure air. 
How air becomes impure will be fully discussed in 
Stage II. Here we need only say tliat every living 
creature breathes in life-exciting oxygen, and breathes 
out suffocating carbon dioxide. Although a certain 
small proportion of this last-named gas may be pre- 
sent in the atmosphere without the production A)f &iy 
ill result, deadly indeed are the effects consequent 
upon an increase in the proportion of this fiuiTodlitii^ 
gtis in the air that we breathe. Hence the vital 
necessity for constantly changing the air of dwelling 
and school rooms, a process which ^s comparatively 
easy, thanks to the expansion of gases upon heating. 

Expired or breathed-out air is at th^ temperature 
of the body — namely, 98*5® F., and therefore much 
warmer than the air of our rooms, which should be 
about 60® F. This foul air will, upon leaving our 
lungs, rise to the top of the room; wherefore there 
should be, in any intelligent scheme of venlUation, (1) 
an cmtlct near the top of the room. To supply the plaqe 
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of this escaping impure tdi, there must be (2) an inlet 
near the floor for the admission of pure air. 

The window and the chinmey are exceedingly useful 
here. By opening the window top and bottom both (1) 
and (2) are secured. The inlet may Income a very un- 
comfortable draught if proper precautions are not ^ken 
topreventthis. If the 
space •at the bottom 
of the open window 
be closed by a piece 
of wood, the space 
between the two 
sashes becomes the 
inlet, as shown in 
the diagi'am, where- 
by a draught is pre- 
vented. Tlie wise 
housewife will cer- 
tainly not omit to 
make full lise of this 
exceedingly simple 
and iBflbctive device 
for securing a proper 
supply of pure air. 

The chimney, ag^in, 
is an excellentexitfor 
foul air When/he fire n«. 4 «.-a — n. —i. oi T«ubii<». 

is alight ; and it may afToi^ entrance to fresh air when 
no fire is there, hence a chimney should never be closed. 

Frequently an outlet is provided at the top of the 
room by means of an entrance into the chimney ; but 
there must^be a valve provided to prevent the ingress 
o( soot and smoke. An inlet is also sometimes made m 
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the fireplace, so that air from without may pass 

^ through the fire, and thus 

, be warmed before passing 

'' into the room. 

Another draught-prevent- 
ing device is due to Tobin, 
wdiose tubes (for wliich see 
much* used. 

' scliools, Kite has pipes 

connected with the outside, 

S X^ ^ ^ opening into the inside 

by means of warmed inlet 
**^:;*: shafts. To provide outlet, 

a special louvre arrange- 
Kig. 41. ment is let into the roof. 

Tobin’a tubo ventilator. gy arrangement the 

room has a complete change of air three to four times 


St w 
. //// 




FIk. 41 . 

Tobin's tube ventilator. 
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rig. 4S.— Kita^ IbM tad oattat. 


per hour; for when the outride temperature ia 
lower than the inride, whirii is normally the cape, 
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there is a steady flow from without to within by way 
of the pipes and the shaft, and from within to without 
by way of the roof outlet 

Practical Work, • 

' 1. With the flame of a lighted candle show that there 
is an incoming current — as shown by the inward de- 
flectioli of the flame — at the keyhole and at the bottom 
of doors and windows, and an outgoing current at the 
tops of windows and doors and by way of the chimney. 



Fif. 4S.— Ineomlntcurraitii of oir *t kejrhcria and cbfnka of window. 

Oatgolnf caitttnt bgr wagr of chlmnaj. 

2. Moani to the top of ai>p(ur of atepe and examine 
the air near the ceiling of a room wherein gaa or 
lamps are burning. Notice how hot it is, and how 
dose it ssema This shows how necessary it is tiiat 
thetmtlet diould be at the top. 

3. Show models of a Tobin tube, of a louvre, sad a 
window, etc, and explain their working. 





60 


VENTILATION AND CIRCULATION 


Oirculation of Hot Water. — In most of our houses, at 
least in those of the better class, baths provided with hot 
and cold water are to be found ; and it is all-infporUint 



rif. 44.— HmUas » Imildlnf wltb bol water: A, B, dilinii«j ; C, botler; 

1), F, F« eleienu. The hot water lieee fkom the boiler (C) thfouth the 
■traicht pipe to the cietem (DX fkom which It retome bf bent pipea peaa- 
laf throQfh F> F, oatll It again entere the boiler (CX * 

that the housewife should know how the wAer, which, 
of course, is heated by the kitchen fire, finds its way to 
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\he bath-room. In addition, chui'chcs and schools, 
and sometimes private houses, are now warmed by 
the agepcy of hot water, and not by fires. The same 
focf^ that explain the flow of water, upon heating, from 
the kitclien Ixiiler to the bath-room Will also account 
for the circulation of hot water through a system of 
pipes, so that the 
two tilings may be 
studied together. 

Practical Work. 

1. Put a piece of 
ice at the liottom 
of a long test-tube, 
and weight it down 
with a piece of 
lead. Add water. 

Hold the tube ob- 
liquely and lx)il the 
water over a flame, 
and observe that the 
ice does not melt. 

From this experi- 
ment we learn that 
water (and the same 
applies to most boiling over Im. 

liquids, except mercury) is a bad conductor of heat. 

2. Place a little lime on the palm of the hand, and 
bring a red-hot poker to touch the lime. The hand 
is not bupied, because the air in the lime does not 
conduct the heat. If a piece of solid lime, out of 
which the«air has been driven, is held in the hand, 
in contact with the red-hot poker, as before, the hand 
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will now be burned, because lime in itself is a fairly 
good conductor of heat. Air — and other gases re- 

semble it in this particular — is thus a v^ry bad 
conductor of heat. o 

These two e^eriments have shown us that both 
li(]uid8 and gases are bad conductors of heat ; yet heat 
is certainly transmitted through liquids and through 

solids, for the heat from the 
kitchen fire gets up into 
the bath-room and round the 
heated building, and the heat 
from the fire warms every 
part of the room. How this 
is brought about will appear 
from the following experi- 
ments : — 

3. Heat over a small flame 
a flask full of water, into 
which put some solid colour- 
ing matter, such as cochineal, 
indigo, etc., or place within the 
water some sawdust. When 
the water becomes heated, cut- 
rents will be seen by means 
of the colouring matter; and it is evident that cur- 
rents arc set up in liquids by heali whereby heat is 
carried throughout the substance of i}fe liquid, al- 
though the liquid itself is a non-conductor of heat. 
The next experiment shows this to be true of gases 
alsa «. 

4. Fastto the end of a candle to a plate and light 
the candle. Surround the candle with water. Place 
over ihe candle a lamp-glasa The candle is slow)y 



Fig. 46.— Curmito prodnced In 
wnter bj hent. 
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fixtinguished, because the oxygen of the air inside the 
glass is soon used up, and no fresh air can get in, 

Repe|kt the experiment, firat introducing down the 
lamp-glass a diaphragm of cardboard, as in the 
diagram. The candle now continues 4 o burn ; for the 
effect of the diiQ)hragm is to allow the used-up air to 
pass out by one side and for the pure air to enter by 
the other. A smoking match held in the chimney 
will demonstrate that there is an upwanl current in 
one half and a downward current in the other half of 
the divided chimney. This 
shows that the action of heat 
upon gases is to produce cur- 
rents in them, by which, as 
in the case of water, the heat 
fiom the source is transmitted 
through the substance of the 
gas. In this way winds and 
the currents, referred to under 
ventilation are produced, and 
in this way also the heated 
> water is carried completely ri».47.-c«m«iui»wiuc«iin 
round a circuit of pipes, as .irtjrhwt 

in the heating of a building or in the transference of 
hot water from the kitchen boiler to the bath-room 
and back to the ^ler again. 

Oomdiietiini,^ OtmTsetloa, and Badiatton. — We may 
now proceed to enumerate the three ways in which 
heat may be transferred to -places remote from the 
source offbeat. Place a poker in the hre: the end 
swap from the fire soon becomes visibly warmer than 
it was before the poker was placed in the fire. ' Next 
pjaoe a piece of wood resembling the poker in size 
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and form in the fire, and note tl^ it bums, but nd 
increase in the temperature of the end remote from 
the fire is observed. Hence heat travels easily (hrough 
iron, but not through wood. Not only are the <>two 
ends of the potaer made hot, but the whole of it is 
heated, for the heat travels through tife poker by the 
successive change of all the parts of it from cold to 
heat. 0 

This mode of heat transmission is known as conduc- 
tion. Iron and all metals are good conductors of heat. 

Through gases and liquids heat does not pass in 
this way. The particles near the source, being heated, 
expand, and so become lighter bulk for bulk than the 
other particles. They ri.se, and transmit their heat 
to the other particles by contact with them. To 
prove this, take a flask in which is placed some water 
and some solid colouring matter such as cochineal. 
Heat the water, and note the currents that are set up, 
starting from the water near the source of heat. This 
mode of transmission, in consequence of the actual 
movement of the heated particles, is known &s con- 
vection, or carrying, and it is the way in which heat is 
transmitted through liquids and gases. Winds, ocean 
currents, and the heating of buildings by means of hot 
water are, as above noted, familiar instances of the 
working of this principle. 

There is yet another mode of transmjission, known 
as radiation, which is not so easy to explain to young 
students. By radiation/ heat from a source, as from 
a fire or from the sun, travels in straight lines without 
any heating of the medium through which the heat 
passes. « 

When we stand in front of a fire, we are warmqd 
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radiant heat, sittce we feel the waniith, however 
cold the air may be. 

On tjie top of a hi^h mountain tlie sun’s ra 3 ^s may 
feel® uncomfortably liot, whilst the air itsc»ll' is strik- 
ingly cold. This is because the sunfe heat is radiant 
heat, and does hot warm the air, excei)t when the air 
is moist, which is not the case with mountain air. 

In dike manner, a light shining tlirougli tlie chink 
of a shutter is only seen when the eyi» is in a straight 
line with the light, since light, like heat, radiates out 
in straight lines from the som*ce. 

It will now be undei*stood why wo say that the 
yard is the dishince between the two scratches on the 
golden plugs only when the temperature of the bar 
is (32'’ R, and why also we define the gram as the 
weight of a cubic centimetre of water only when the 
temperature of the watt^r is 4® C. At temperatures 
above 02'’ F. the distance lx‘tween the scratches would 
be more than a yard, and at temperatures al)ove 4® C. 
the cubic centimetre of water would weigh less than a 
gram, on account of the eximnsion inseparable from 
heating. 


XL OHANGE OF STATE AND LATENT HEAT. 

OohesioiL — Matter exists in three states — namely, 
the solid, thg liquid, and the gaseous. The reason 
given for this is as follows: there is a mutual nt* 
tractive force, acting between particles of matter of 
the samejeind, when such particles arc in close con* 
tact* To its action are due the solidity and liquidity 
of solids and liquids respectively, the attractive force 
bjing greatest in solids, less in liquids, and non- 
(!.««> 5 
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existent in gases. If blacklead is powdered, and the 
powder is subjected to great pressure, the particles 
cohere to form a solid ; indeed, this is exacts what 
takes place in tlio preparation of blacklead for pei¥:ils. 
And so, generally, wlieii the particles of a powder are 
bronglit into very close contact, they “cohere, ))ecause 
the attnictive force of cohesion is then able to assert 
itself. That water and other liquids form dropl^ is an 
effect of cohesion ; and the larger the drop the greater 
the cohesive force ; thus mercury drops are larger than 
those of water, Imjchusc the force of cohesion is stronger 
in the case of mercury than it is in that of water. 

Ohange of State. — The conversion of solid ice into 
liquid water, and of tliis into gaseous steam, has been 
alroiuly nifernjd to. Now there is very good reason 
for believing that this change of state from solid to 
liquid, and from liquid to gas, simply consists in 
overcoming the force of cohesion, and in driving ^the 
individual molecules composing the body further and 
further asunder, tluis increasing the inter-molecular 
spaces, to which is due the porosity of the body. Each 
body has its own particular temperature for fusing or 
melting, and for vaporizing or gasifying. Thus, at the 
ordinary pressure of the atmosphere, the melting point 
of ice is 0® C. (32” F.), and the boilipg point of water 
is 100® C. (212® F.). This we saw when graduating 
the thermometer. To determine the melting points 
and boiling points of substances is a very important 
operation, ^pension on heating and change of state 
are thus seen to be closely related ; but the expansion 
in passing from one state to another is usually veiy 
great, and at times tremendously so. Thus steam 
occupies 1,700 times as much space as the water fropi 
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which it is formed; hence the explosive powder of 
steam. 

Water is an exception to this rule of expansion on 
heaisng, since ice iiix)n melting contnicts, and the 
water resiilting^froin the fusion also (f)ntinues to con- 
tract until a temperature of 4 C. is arrivecl at, wliieh 
is the point of greatest density of water. Convtn*s(4y, 
water ^expands on freezing, wiiich explains why it is 
that ice floats on water. 

Practical Work. 

1. Insert a thermometer into masses of melted but- 
ter, lard, l^ees'-wax, sugar, etc., and find the point of 
fusion or melting point. 

2. Fill a beaker with pieces of ice, 
and bury a thermometer bulb and as 
much of the stem ns possible in the 
ice. , Now apply heat, and notice that, 
no matter how much heat has been 
applied, the thermometer registers no 
increase in temperature until all the ice 
at O'* C. has been converted into water 
at 0" C. 

8. Mix fifty grams of water at 60'' C. 
with the same vieight of ice at O'" C. 

Observe that only part of the ice melts, 
and that the* temperature of the mix- 
ture is now 0'' C. 

4. Make two cold saturated solutions 
of Qlauber’s salt (sodium sulphate) and ri,, 

" hypo ” (sodium hyposulphite). Insert UteBtiMrt. 
a thermomater in each mass, and note that upon the 
solidification of the solutions heat is evolved, as is 
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proved by increase in the height of the mercury in 
the thermometers. 

6. Take fifty grams of water at the ordinary 
temperature of the room, and pass steam into it from 
• boiling water until a thermom- 
eter placed in tlie water regis- 
tei*s 100® C. Weigh the water 
again, and notice how •many 
grams of steam have been re- 
quired. Thence calculate through 
how many degrees one gram of 
steam would raise one gram of 
water. 

It remains to explain these 
various facts. It will be noticed 
that there appears to be a loss 
of heat in passing from solid to 
liquid, since, in the case of the melting of ice, ^ the 
thermometer registered no increase in temperature, 
although there was a steady application of heat. 
Heat, as before stated, is a form of power or energy. 
When, therefore, heat is applied to a body in the * 
process of liquefaction or of evaporation, we are 
adding power or energy to that body, which makes 
itself evident, not as heat, but as work, the particular 
work being the changing of the state of the body. 
This work is twofold in its nature. (1^ The attract* 
ive power of cohesion is either partially overcome, 
as in turning a solid into a liquid, or entirely, as 
when a gas is the result of the applicatien of this 
power or energy. (2.) The pressure of the atmosphere 
is either pactiilly or entirely overcome. 4t is again 
to be observed thaX this heat, which is employed in 
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overcoming cohesion and in inci'easing inolecular 
vibration, ceases to make itself sensible as heat In 
consequence of this, the heat of liquefaction and 
vaporization is called Latent or hidden Heat. As 
seen from experiment, this latent he<fb again becomes 
sensible when a gas assumes the li(|uid condition, and 
when a licjuid is reconverted into a solid. This 
explaflis why, when water-gas is changed into rain, 
heat is produced — that is, that rainy weather is often 
muggy weather. The latent heat of water is the 
highest: this is evident from the fact that it takes 
more heat to convert a given weight of ice into waU»r, 
or water into steam, than in the case of any other 
body. 

XU. PUBIFIOATION AND 8EPAEATION OF 
LIQUIDS. 

• 

We have just observed that to each .substance cor- 
responds a particular temperature for melting or 
fusing, and for vaporizing or gasifying. Sometimes 
the boiling points of liquids are very far apart, so 
that even a mixture of Iu|uids may be separated by 
boiling, for the liquid with the low melting point 
will begin to gaaify long before ebullition begins in 
the liquid with the higher boiling point. If this is 
true with respect to a liquid dissolved in or mixed 
with another liquid, it is much more true in the 
case of solids dissolved in liquids, for the solid will 
naturally 4iave a higher boiling point than the liquid 
in which it is dissolved. 

In the cifte of the separation of a more volatile from 
a Jess volatile liquid it is obvious that two different 
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operations will have to be performed — (1) vaporization, 
or conversion of the liquid into a gas; (2) condensation, 
or reconversion of the newly-formed gas into % liquid. 
Thus a boiler and a cooler will be required and* the 
special name stUl has l)een given to this combination 
of a lx)iler and a cooler. The double process of vapo- 
rization followed by condensation is called dietillatioii f 
and a most imporbint process it is. The ap{)iBtratus 
generally used in a laboratory for the boiler is a glass 
retort; and as tlie downward conversion from gas to 



licluid is due to cooling, the cooler or receiver is kept 
at as low a temperature »is possible. ^ This is done by 
either running the tube connecting the boiler and the 
receiver through a tube whicli is arrivpged so that 
a current of cold water continually flow:s through 
it; or, more simply, a piece of moistened blotting- 
paper is placed on the receiver, by dripping gold water 
upon which the temperature of the cooler is Jcept 
down low enough for the incoming vapour or gas to 
liquefy. (Fig. 80.) , 
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Practical Work. 

1. Uikke solutions, containing ink, sugar, salt, milk, 
audi separately distil them, whereby the solids may 
be separated from the liquid which# comes over and 
condenses in tffe cooled receiver. 

2. With tlie same apparatus, distil a solution of 
methylated spirit in water. Keep the gas or spirit- 
flame low down, so kMi to prcxluce only a mcMlerate 
amount of heat : then take the density of the sweet- 
smelling li(|uid that collects in the receiver. It is a 
mixture of alcohol and water ; for some of the water 
is carried over bodily by the alcohol, and many dis- 
tillations would have to be performed Iwfore even a 
fairly pure specimen of spirit could be obttiined. 


* Xm. MOISTURE IN THE ATMOSPHERE. 

The evaporation of which we spoke in our last lesson 
does not take place only upon lx)iling a liquid. It is 
always in operation wherever the free surface of a 
liquid is exposed; indeed, it is not limited to liquids, but 
takes place in solids, as in the case of snow, which, in 
times of continued frost, will diminish in amount, and 
even disappear solely, in conser|uence of evaporation. 

But evapeyation of water wlien exposed to the at- 
mosphere is the special case that we have to study, 
and we can best start from washing-day. Mow is it 
that the •clothes dry when hanging out in the air? 
Simply because the moisture that is in them slowly 
evaporates# When does dtying proceed slowly ? On 
damp, foggy days, and for this reason : the 
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amount of the evaporation depends upon the con- 
dition of the air with respect to moisture. Only 
a fixed quantity of moisture can be retained^by the 
air ; and when this amount has been taken up, eva- 
poration, if not^ altogether stopped, is so slow as to 
be imperceptible. The drier the air, ^the more rapid 
is evaporation ; and, again, the warmer the air, the 
more rapid the evaporation, for warm air cAn re- 
iain more moisture than colder air. Dew, cloud, 
mist, fog, rain, snow, and hail are all due to the 
deposition of moisture consequent upon the cooling 



down of the air. As moisture in the gaseous con- 
dition is lighter than air, a mixture of air and 
moisture is lighter than dry air. ^{his explains the 
l^t that when the air is heavily charged with mois- 
iiire the column of mercury in the barometer, which 
is supported by the air, becomes shorter — ^that is, the 
barometer falla Hence a falling barometer indicates 
rain, simply because it tells of a lighter aiv — lighter 
on account of the excess of moisture contained ki it 
This moisture, upon cooling, from any cause whatever, 
will most likely descend as rain. , 
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Practical Work. 

1. Qet a shallow vessel of very thin glass, so that 
the*vessel may be as light as possible. A clock-glass 
used by chemical students will do ve^ nicely. Phice 
in the clock-gTass a layer of water, and expt)se the 
vessel to the atmosphere. Weigh each day, and record 
the l(fcs due to evaporation 
in graphic fonn (Fig. 52). 

2. Weigh, day by day, a 
bag of seaweed or a roll of 
flannel, and record increases 
or decreases in weight, at 
the same time noting care- 
fully what sort of weather 
is connected with the changes 
in weight. 

The changes will, of 
course, depend upon the 
amount of moisture present in the atmosphere. Thus 
a great increase in weight will mean a very moist 
condition of the atmosphere, and vice vered. It is 
for this reason that a piece of seaweed is frcfjuently 
to be seen hanging up in the halls of seaside houses. 
It acts as a rough kind of barometer. 


Each mm. I gm. 

rig. 52. 


ZI7. MOUTUBB IN THE ATMOiPBBBE. 

^ {CoMinutd.) 

in wder to determine more accurately the condition 
of the atmosphere with respect to the amount of 
moisture it cratains, certain instruments, called hy> 
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grom^tera have been constructed. The simplest oi 
all, and the one most commonly used, consists of two 
ordinary thermometers, on which account th^ instru- 
ment is described as the wet and dry bidb themwm- 
eter. From the diagram which is given below, it 
will be seen that the two thermometers are fixed side 
by side on a stand, and that one of them has its 
bulb covered with muslin, which is further connected 
with a veasel containing water by means 
of a piece of wick such as is used in a 
spirit-lamp. Its action may be explained 
thus : the muslin is first of all saturated 
with moisture, and a further supply of 
moisture is carried to the muslin by the 
wick from the vessel, just as the petro- 
leum is carried fi*om the lamp reservoir 
to tlie burner by the wick — by capillary 
attraction, that is, by being sucked^ up 
the little passages that are in the poi'ous 
wick. 

Evaporation from this muslin will 
take place more or less rapidly, accord- 
ing as the air is dry or the reverse. 
But evaporation is change of state from 
w«tMd<^buib liquid to gas, and this,, change requires 
thermometw. power or energy in the fonn of heat to 
accomplish it. The requir^ heat is taken from the 
muslin and from the bulb which it surrounds, and 
so the cooling of the covered bulb goes on so long 
as the air near the bulb can take up more«moisture. 
The amount of the cooling can easily be seen from a 
glance at the wet bulb thermometer; and further, 
when the mercury in this no lonirer descends, but is 
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"stationary, we know that the air in the vicinity of 
the wet bulb has taken up as much moisture as it 
can — tiiat is, it is saturated. 

Hence we may form an idea of tlie hygi’ometric 
condition of the air by means of this simple instru- 
ment ; for wliOT there is a considerable lowering; of 
the temperature of the wet-bulb thermometer as com- 
paredf with the temperature of the dry-bulb ther- 
mometer — that is, when the ditterence between the two 
thermometei*s is great — the air is very diy, and rice 
versit Special tables have been constructed which 
enable us to determine the dew point, or to what 
temperature the air must be lowered before dew will 
be deposited. 

Practical Work. 

1. Place a tumbler containing cold water in a warm 
room, and observe the deposition of dew on tlie cold 
sides. 

2. Make a wet and dry 
bulb thermometer by tak- 
ing the bulb-tubes from 
two ordinary thermometers 
and fixing them up as in 
Fig. 53. Take the readings 
of the two tI\^rmometers 
from day to day. 

3. Take ^he thermome- 
ter and barometer readings 
daily, and make a weather 
chart. Compare this with 
thai given in a daily paper. Make a curve of pres- 
sures and«of temperatures, as done in the newspaper 
i^at you consult 


wtonesDAY I th us^pay" 
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Fig. S4. — Weather clurt 
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ZV. SOLUTION, SOLUBILITY, MELTING. 

If you fill a cup completely full with tea, »d then 
carefully place in the tea some moist sugar, bit by bit 
the sugar will dfeappear, yet the tea will not run over. . 
How is this to be explained ? If the cup was quite 
full to begin with, why was it not more than full 
when the sugar was added ? The answer giVen is 
that the molecules of the water must have been some 
distance apart, and that the sugar has been deposited 
between the various molecules. Thus liquids as 
well as solids and gases are all poi^ous, and solution 
may be explained as the process whereby the pores 
of a liquid receive the particles of a dissolved body. 
Water has been called the uniyersal solvent; and al- 
though this is not strictly true in its literal sense — 
as there are many substances, such os pebbles, sand 
(silica), and lioavy spar (barium sulphate), upon which 
water has no solvent action — still, as pointing out the 
property that water possesses of dissolving much of 
many substances, and little of many more, the term is 
a very useful one. Indeed, so great and so varied is 
the solvent power of water, that it is questionable 
whether absolutely pure water has ever been looked 
upon. c 

Salt, methylated spirit, and ammonia, are examples 
respectively of a solid, a liquid, and a gas soluble in 
water. 

Actioii of Heat. — ^The action of heat upon solution 
is very interesting. If powdered nitre, common salt, 
Epsom salts, and potassium chlorate are severalljrdis- 
solved in cold water in small instalments until an 
added portion is no longer dissolved, it will be seen 
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that the solvent power of water varies greatly for 
different soluble substances. When no more can be 
dissolv^, the cold solution is said to be saturated. If 
heab is now applied, it will at once be evident that the 
solvent power of hot water for solids is greater than that 
of cold water ; tor further additions of the powdered 
substances to the solutions are readily and completely 
dissolved, and considerable amounts may be added 
before a hot saturated solution is obtained. 

As regards liquids, the solvent power of water is 
much the same as with solids, as it increases with 
additional heat; but with gtises the conditions are 
exactly opposite. Thus, if heat is applied to the solu- 
tion of ammonia or spirit of salt (hydrochloric acid) 
in water, gaseous ammonia and hydrochloric acid are 
evolved, thus proving that the solvent power of liquids 
for gases decreases with an increase of temperature. 

^ure and Hard Waters. — The difficulty of obtaining 
pure vrater has already been referred to. Bain-water 
is the nearest approach to pure water to be found in 
nature. Yet this, in falling througli the atmasphere, 
dissolves carbon dioxide and other soluble matters 
in very slight degree. Spring-water, as everybody 
knows, is charged with various substances that have 
been taken up ^y the water in its passage through 
the earth, which dissolved substances are the cause of 
the hardness qf water. 

One of the commonest substances taken up in this 
way by spring-crater all the world over is limestone ; 
and it iasvery interesting to know ho# spring-water 
disselveB limestone rocks, for pure water is incapable of 
dissolving this common rock substance. Water, how- 
erer, charged with carbon dioxide very freely dissolves 
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limestone. When, therefore, in its passage through the 
atmosphere, or througli underground channels, water 
takes up carbon dioxide, it is increasing its •solvent 
power for limestone, of which large quantities • are 
thus held in sokition by spring-water. When, either 
by heating or by decrease of pressure, the carbon di- 
oxide is released, the limestone is deposited, as in the 
case of the ftar of the kettle, the scale of the l)oiler, 
and the stalactites and stalagmites of fairy grottos. 

By boiling, or by adding lime or soap, such water is 
softened. The boiling drives off the carbon dioxide, 
whilst the lime combines with this substance, the 
result being in each case that the water, no longer 
containing carbon dioxide, is incapable of holding the 
limestone in solution. Soap forms with the limestone 
dissolved in water an insoluble substance that floats 
on the water, as may be seen when we wash ourselves, 
and a soluble body that tends ratliev to soften thap to 
harden the water. Bodies that are insoluble in water 
may readily dissolve in other substances, as will be 
evident from what follows. 

Melting and dissolving are two very different things, 
the former being a simple liquefaction by heating, the 
latter a mixing of a solid (liquid or gas) with a liquid 
(solid or gas), whereby liquefaction gesults. Solution 
acts without heat, whereas fusion requires the applica- 
tion of heat, the solid being re-form^ om cooling. 

Practical Work. 

1. Fill a wine-glass quite full ;inth vsater, and 
carefully drop in some finely-powdered salt or stigar. 
Observe that the water does not overflow. * 

2. Place a measured volume of some ordinaiy tap- 
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water in a watch or clock glass, and carefully evapo- 
rate to dryness. Weigh the residue. * 

3. T^t the solubility in water of os many sub- 
stances as possible — for example, salt, sugar, nitre, 
washing-soda, chalk, hearthstone, marHo, etc. Arrange 
these bodies in \]\ii order of solubility, distinguishing 
clearly between those that are soluble and insoluble 
respectively in water. 

4. Test the solubility of the latter of these two 
classes of bodies — such as iron, hearthstone, chalk, and 
marble — in vinegar and in spirit of salt (hydrochloric 
acid). 

5. To water add powdered salt, sugar, soda, nitre, 
borax, alum, lime, and chalk, until no more can be 
taken up by the water. Such a solution is called n 
saturated solution. Now measure out ten cubic centi- 
metres of each solution on to a counterpoised clock- 
glas^ and after evaporating to dryness ascertain the 
weight of each solid contained in ten cubic centimetres 
of each solution. Record these results graphically on 
squared paper. 


XVL TRANSMISSION OF HSAT: OLOTHlNa. 

Our previous ^rk has shown us that heat is trans- 
mitted-^!) by conduction through the substance of 
conductors, of •which the metals are the best; (2) by 
convection, which is the way in which heat travels 
through liquids and gases ; and (3) by ra^liation. 

Our exfieriment with lime proved air to be a bad 
conductor of heat, and the boiling of water without 
melting the» ice at the bottom of the tube illustrated 
thp same fact with respect to water. These experi- 
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ments should be repeated until it is well understood 
that liquids, as a rule, are worse conductors of heat 
than solids, and that gases are the worst conductors 
of all ; for water and air may in this respect be t^^ken 
as typical of liquids and gases generally. 

If the hand is placed on a metallic Surface, the sen- 
sation of cold is experienced, for the reason that these 
substances conduct heat readily away from the»hand ; 
and it is this loss of heat that is termed cold. For the 
same reason, substances warm to the touch, suCh as 
flannel, wool, feathers, and furs, are bad conductors of 
heat, on account of which they are used for clothing 
and for bedding. This explains wliy the ice merchant 
wraps his ice in blankets, which keep the heat away 
from it by virtue of their low power of conductivity 
for heat. 

Practical Work. 

1. Repeat experiment in proof of the low conduct- 
ing power of air. 

2. Repeat experiment in proof of the low conduct- 
ing power of water. 

3. Repeat experiment in order to again show con- 
vection currents in boiling water, etc. 

4. Repeat experiment to show that convection 

currents are set up by heat. Obs^'ve the chimney 
of a fire grate, and by means of the smoke from 
a piece of smouldering brown pap^r, show the 
existence of the same convection currents in the 
neighbourhood of the flame of a candle, lamp, or 
gas-burner. ^ 

5. Stand with your back to a fire and take the 
temperature of the air with a thermomater. Now 
let the fire play upon the . thermometer, which, be^it 
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observed, is now no nearer than at first. Note the 
increase in temperature, which is due to lieat that has 
been trg^nsmitted by radiation. 

& Examine various clothing materials, and compare 
the warmth of the feeling when touching them, re- 
membering thaf those feeling warmest are the worst 
conductors. Arrange them in a list according to tlieir 
conducting power as thus ascertained. 

7. Write an account of ho\v the body is kept warm 
in the .winter and cool in the summer by non-con- 
ducting clothing. 


a.«» 


6 




part H. 


I. OOOKINa. 

Heat and Food. — Just as the steam-engine con- 
tinually requires fuel if it is to continue working, so 
also the body must be supplied with food if it is to 
maintain the performance of its functions. Without 
food the body cannot grow ; 
witlv>ut food there can be ho 
replacement of the parts de- 
stroyed by the wear and tear 
of life ; and without food 
there can be no force to keep 
the body going. We must eat 
to live. 

Digestion. — Eating, if it is to 
be of any use, must be some- 
thing more than the mei*e taking 
of food material into the body. 

The food must be digested — 
that is, it%nu8t be broken up and Fi«.i.-Th«dig«rtiT.oiiMn. 
dissolved in such a way as to render it capable of 
easy passagb into the blood stream of which it is to 
fonn a part. To bring about this food breaking up. 
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or digestion, is the special work of mouth, stomach, 
and intestines ; and, tinder the most favourable circum- 
stances, this work of digestion makes great demands 
upon these organs and upon our bodily force. Hence 
it behoves us Db strive to make digestion as easy as 
possible, by taking care to choose t£e best forms of 
food, and by doing as much as possible towards the 
digestion of these foods, before they enter the body, as 
may be. And we can do very much indeed in the 
way of preliminary or outside digestion, as will appear 
from what follows. 

Digestion begins in the Kitchen. — That this is true is 
apparent from the fact that it is much more difficult 
to digest a piece of meat when raw than when cooked. 
And so of foods other than meat. Cooking, then, and 
especially good cooking, is really the first stage in diges- 
tion or blood-making; and if this be true, we must 
place the good cook amongst the number of our, best 
friends. , 

The Cook's Good Pairy. — By a good cook a good fire 
is a thing greatly to be desired, for heat, under some 
shape or form, is the good fairy of cookery. It is 
heat that makes food softer by breaking up fibres and 
cells. It is heat that kills harmlhl parasites that haunt 
both vegetable and animal food. • It is heat that 
prevents food from putrefying, and that makes it 
agreeable to the taste, pleasant to the smell, and combly 
to the sight, whereby the jaded worker or the appetite- 
less invalid may be incite to take that food, which 
, ^they need all the more because they cravetfor it the 
lesa With much greater force, then, can it be said of 
fire than of wine, that it **giveth a cheerful counten- 
: ance, and maketh glad the heart of maa” • 
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Both Radiant Heat and Heat from Contact are need.- - 

An examination of the several ways in which heat is 
applied^ food, in oi'der to cook it, will show that such 
heair is obtained both by radiation from heated bodies 
and by contact with them. In roasting, baking, and 
grilling, the foo^ does not come into contact with the 
fire, but is cooked by the heat that radiates therefrom , 
whereas in boiling, frying, and steaming, the necessary 
heat is got by contact with the heated water, oil, oi 
steam. How heat may be made most effective in 
cooking will appear from the experiments that follow. 
Here it need only be said that there is much for the 
housewife to learn if she \yould be the mistress of fire 
in respect to cooking, for here, as elsewhere, fire is a 
good servant but a bad master. 

Different E^inds of Food. — Before proceeding with 
our experiments, it will be convenient to say something 
about the various kinds of food, the action of heat 
,upon which we are about to study. 

1. Mineral and Organic. — The simplest way of divid- 
ing foods is that of considering them as consisting of 
things that have and of things that have not had 
life. Common salt and water will belong to the 
former class; beef and potatoes to the latter class, 
which may be •further divided into animal and 
vegetable fc^s. 

2. Heat-giving and Fledi-forming. — ^This is a very 
old mode of division, and it is important because it 
clearly points out the chief uses of food — namely, (1) 
to build up the body ; (2) to supply it with heat and 
forocC Unfortunately, however, it is not possible to 
have a deaf division on these lines, as the flesh-form- 
ing or nitrogenous foods, as they are called, such as 
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lean of meat, white of egg, gluten of flour, etc., that 
contain nitrogen, and usually build up the tissues of 
the body, do not always do this. On the oth^r hand, 
fats, starch, and sugar, which contain no nitrogen, 
but usually area burnt up slowly in the body, and so 
produce heat and force, sometimes are stored up, and 
so build up tissue rather than supply heat and force 
from their combustion. 

3. The best Division. — For this reason it is best to 
enumerate five divisions of food without particular 
reference to what they do, remembering, hoM^ever, that 
all food is concerned either in building up tissue or in 
producing the heat and force necessary to life and 
movement of any kind. 

FIVE KINDS OF FOODS. 


Nltmgvnuiiii. 

P»U. 

CKrbithyilrHtm. 

BhUii. 

W»ter. 

Gelatine, from 
bones. 

Albumen, in 
white of egg. 

Myoeln, in lean 
meat 

Legumen, in 
peas and 
beans. 

Gluten, la bread. 

Oaiein, in 
cheese. 

Olrtn, 1 *“ 

stMrim ) 

Butyrin, In 
butter. 

Glooose, in grape 
sugar. 

Suoroee, In cane 
sugar. 

Laotoee,inmUk. 

Starbh, In flour, 
rice, potatoes, 
and vegetables 
generally. 

e 

Common 
salt rege- 
table 

acids, etc. 

e 

L T&t 
contained 
in all 
foods. 

2. That 
taken as a 
beverage, 
either as 
water, orln 
the form 
of alco* 
holic 
drinks, 
mineral 
waters, 
eta 


Practical Work. 

1. Break an egg and pour the white of it into a 
test tube in which a thermometer is placed. Next 
insert the test tube into some water and slowly 
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*heat it. Observe the white of the egg when the 
thermometer register a temperature of ISS"* F. : it 
has begun to thicken or coagulate. Now increase 
the temperature to 180® F., and notice that the 
liquid in the test tube becomes jelly-like in con- 
sistency. Finflly* boil the water, and the white of 
the egg completely coagulates and becomes white and 
opaque. 

Albumen. — This substance, which upon the applica- 
tion of heat changes from a watery liquid to a tough, 
horny, opaque solid, is albumen, one of tlie most im- 
portant of nitrogenous foods. Albumen consists of 
the elements car1x)n, oxygen, hydrogen, nitrogen, and 
sulphur. It is especially valuable as a llesh-forming 
food. In the liquid condition, as in an uncooked egg, 
it is easily soluble in water; but in the opaque, 
horny form, as seen in a hard-boiled egg, it docs not 
dissolve in water at all. 

^ Which of these three forms 
IS best for digestion ? The 
jelly-like form that obtains 
when the temperature is 
about 160® or 180® F., and 
this should be the condition Fig. 2.~8acti<m of egg. 

of the albumen ip a properly cooked egg. 

2. How to Ckiok an Egg. — Boil some water in a 
saucepan, an(| then remove the saucepan from the 6re. 
Place an egg in the water, and let it remain there for 
about five minutes, when, upon being cracked, the 
white wiU be found to be of the jelly-like consistency 
referred to above, in which condition it may be most 
easily digested. The cold egg reduces the temperature 
of the boiling water to about 180® F., at which tern- 
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pcraturo tlxo denired jelly-like condition of the albumen* 
obtains 


Digestibility of an Egg. — From obnervatioiiH made 
on a young Canadian, into whose stomach an opening 
had accidentally been made, it was found that whereas 
a soft-boiled egg was digested in three horn’s, a liard- 
boiled egg required three and a half hours for digestion. 

Application of these Experiments. — The coagulation 
of albumen is of tii-st-rate importance to the cook, 
since successful rojvsting, Imking, grilling, and frying 
of meat depend ujK)n its application. In cooking meat 
by any of these ways, it is essential that the nutritious 
meat juices should be kept within the joint. Now 
meat contains much albumen in the form of blood 
serum, and if the surface of the joint, immediately upon 
being put down for cooking, is raised to a temperatui’O 
sufficiently high to coagulate this albumen — namely, 
to a temperature of from IGO” to 180° F. — a coating^ 
of coagulated albumen is formed which etfectually 
prevents the escape of the sjivoury juices, and so 
keeps the meat juicy and nutritious. Hence the lire, 
the oven,, the water, or the fat in whidi^or by which 
meat is cooked, should be sui&ciently hot to at once raise 
the outside of the meat to the tempera^pre of coagulation. 
After this has been done, the gradual cooking of the 
meat may be proceeded with, there being now no risk 
of losing the juices, which are kept within the meat 
by the outward coating of coagulated albumen. 

Boiling for Soup. — In soup-making our olyect is to 
extract the nutritious parts from the meat, for which 
reason we place the meat, cut up into pieces, into cold 
water, which is made to simmer, but is not allowed ^o 
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Thei*c is thus no coa^ilation of the albinnen, 
and therefore nothing to prevent the extraction of the 
meat-ji^ces, on the presence of which the richnesM of 
the soup depends. It is thus to be observed that a 
knowledge of the {Lction of Iieat upomalbiunen st^ltles 
how we are to cook, both when we do, and also when 
we do not, wish to keep in the meat juices. 

Practical Work. 

3. Carefully weigh an egg, and then pioceed to 
boil it. After Ciirefully wiping ott* the water, re-weigh, 
and again boil until the egg is quite hard, when again 
it is to be weighed. Record your results. What may 
we infer from the various weighings ( 

4. Action of Heat upon Fats. — Cut up some mutton 
or beef .suet, and place the pieces in l>oiling water con- 
tained in any convenient veasel. Observe the globules 
of ^t that float niyon the water. This shows that fat 
,80011 melts ; a fact that is also shown when the heated 
suet is squeezed, by which moans the membrane or 
skin is readily separated from the fat — now liquid — 
contained within it 

5. By melting some mutton fat, some beef fat, and 
some bacon fat in different test tubes or beakers, 
ascertain by thc^aid of a thermometer the melting 
points of the three varieties of fat, and record your 
results. Then let each of the three liquid fats solidify, 
and note the temperature of solidification, and again 
record your resulta This affords a simple, if rough, 
test of the digestibility of various kinds of fat, for the 

that solidiflss most oasUjr, alter eodkiiif, Is tlio least 
dlfosttbla. •The order of digestibility should be (1) 
haem, (2) bssi; (8) muiteiL 
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6. Take a piece of cheese, which consists largely 
of casein, a very valuable nitrogenous food-stuff, con- 
taining twice as much nitrogenous or flesh;^orming 
material as meat. Toiist the cheese, and observe how 
tenacious it hassbecome. As food^has to be broken 
up prior to digestion, it is easy to see^how difficult of 
digestion toasted cheese must be. Indeed, cheese at 
the best is not easily digested, and should only be 
eaten in quantity by persons of robust digestion. 



II. ACTION OF HEAT ON VEGETABLE FOODS. 

Before proceeding to experiment on vegetable foods, 
wo must pause to inquire into the nature of starch, 

which is the most important 
constituent of all vegetable 
fooda 

Starch. — Potatoes, wiieat,^ 
rice, stigo, and arrowroot 
consist largely of a substance 
which, when examined under 
Fig. 8.-sureh granules. iiiicroscope, exhibits the 

peculiar appearance seen in the accompanying diagram. 
It is evidently granular ; but the miiyite granules from 
diflerent substances differ in appearance, so that by 
examining starch under the microscope i^ is possible to 
determine the body from which it has been obtained 
— that is, whether it is rice starch, potato starch, etc. 

Practical Work. * 

1. Prcpaimtieii of Stardi from PoUtooo. — Cut a 
potato in halves and rub the two portions togeth^. 
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Getting a gentle stream of water drop upon the potato 
during the rubbing. Collect the water in a beaker, 
and olj^erve that a dc[K)sit gathers at the bottom of 
the beaker. To ^ow that this really is starch, take a 
solution of iodine^ in ]x>tassium iodide, and, having 
drained the \^rater from the starch, proceed to treat 
it with a drop of the itxlino solution. The tiiio 
indigo blue colour produced is a proof of the presence 
of starch, for iodine always stains starch an indigo blue. 

2. Action of Heat upon Starch. — Make a thin cream 
with water and starch in an evaporating dish. A*ld 
twice the volume of lK>iling water, and mix well. 
Observe that the starch swells up and forms a paste, 
which will become quite liquid if sudicient water is 
present. 

If this reaction is watche<l under the micnjscope, 
the granules of starch are ob- 
served to swell until the mem- 
^ brane of the granule bursts, when 
the contents of the little sacs 
escape, and arc to a great extent 
dissolved in the water. As for 
the sacs themselves, they float 

about, and do not in any iiiea- Fif. 4 .-Huntinf oiwiuior 
sure dissolve. ^ nUreh fimnul^t. 

Application of the Experiment. — This experiment 
shows how jfieceNsary it is that all starchy foods 
should be boiled for a considerable time; for, before the 
starch can be available as food, the sac-wall must bo 
burst, and if this has to be done in the stomach, so 
muoh more work is put upon that liaiYl-worked organ. 
It is therefore wise and prudent that this part of 
8(arch digestion should be done in the kitchen. 
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3. Further CQiaiiges in Starch. — Into a large flask, 
capable of liulding a litre, place 300 c.c. of starch 
solution prepared iis above. Add with qpnstant 
stirring 3 c.c. of dilute sulphuric acid. Heat to 
boiling, and maintain the teinpeinature at boiling 
point for sonic time. With a glass lube withdraw 
some of the boiling contents of the tube at intervals, 
and test each separate portion of the liquid from 
time to time with iodine solution, until at length it 
no longer is coloured blue, but gives a reddish-brown 
colour when tested with the iodine solution. Now, 
as wo have seen, starch always gives a blue colora- 
tion with icKline solution. The substance in the flask 
is no lonifor starch, for it does not do this. This new 
substance, that separates out as a floceulent precipitate 
when a portion of the Ixuled starch is poured into 
absolute alcohol — that is, alcohol free from water — 
is dextrin, or British gum, a specimen of which shcjild 
bo purchased and examined. It may be prepared in 
two other -ways — namely, (1) by roasting the starch 
carefully, so as not to allow too high a temperatura 
to result, for this would change the . starch into 
glucose, as we shall see later, and (2) by the action of 
diastase, the substance produced in seeds when they 
germinate. British gum is used iiL calico printing, 
and also as a substitute for gum arabic, as on the 
backs of postage stamps. 

4. The Further Heating of Starch. — Continue heat- 
ing the solution in the flask, and constantly examine 
samples of it with iodine solution until ao color- 
ation whatever results. After about a quarter of an 
hour's boiling this stage will be arrived* at This 
further star^ product is glluoose^ or grape sugar, da 
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substance of very great interest to us, because all 
starches must be converted into glucose before they 
can be«taken into the blood. 

5. Put a piece of ordinary bread into your mouth 
and masticate it £pr some time. Observe that, after 
a time, a sweet taste comes. This is due to the 
glucose that has been produced from starch by the 
ptyalin of the saliva, which, like diastase, has the 
power to change starch into the much-desired glucose. 


m. KITCHEN DIGESTION OF 8TAB0HT FOODS. 

Bread Making. — We have already spoken of the 
great service rendered to the digestive organs by heat 
in bursting the starch granules, and thus saving the 
stomach this labour. We can now see another way in 
wlych starch digestion goes on in the kitchen; for 
whenever starchy substances, such as Hour, potatoes, 
rice, etc., are heated, some of the starch is changetl 
into the sugary condition. 

Abdication to Broad. — It will be easy to understand 
now why bread should be well baked, since the bak- 
ing does the 
two things 
above men- 
tioned — that 
is, (1) it bursts 
the starch 
granules^ and exposes the starch to the action of 
the* dig^tive juices ; and (2) it changes some of 
the starch into glucose, which accounts for the 
aweetneas of bread, as also for the indigestibility 



ric.6. 
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of ill-baked, doughy bread. This, however, is only 
part of the work of the bread-maker, who must in 
addition make his bread light and ]K>rou& This is 
done (1) by yeast, (2) by aeration, (3) by baking-powder, 
concerning each ^f which a few facta may be experi- 
mentally learned. 

Practical Work. 

1. The Action of Teasl — Fit up a flask, ns in the 
annexed diagram, and place in the flask a wann solu- 
tion of grape sugar, in 
the proportion of one 
ounce of sugar to a gill 
of water, together with 
a piece of yeast as big 
as a marble. The tem- 
perature should be alx)ut 
77^ F. After a tijne 
bubbles of gas collect in 

the tube, which ga.s, upon examination, is found to 
turn lime-water milky, and to an.swer all the tests for 
car1x>n dioxide. It is carbon dioxide. Furthermore, 
the solution in the flask smells strongly of alcohol, and 
it may easily be shown that it does really contain 
alcohol. 

2. Why Sugar and Yeast yield Oarbon Dioxide and 
Alcohol. — Yeast is really a very simple plant, which, 
when put into a sugary solution and made warm, 
begins at once to grow, and as a reenlt of the growth 
of the yeast i^t^ carbon dioxide and alcohol fbnned. 

S. To show that the Yeast Solntion contt^ Alodiud. 
— Pour some of the solution into the buH) ^ a retort, 
the beak of which should be led into a cooled flask> as 


CO., + ^cohol 



FIf. 0 . —Carbon dioxide from yeast. 
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m the diagram. This combination of a boiler and a 
cooler is called a stilL Apply heat to the bulb, and 
keep tl^p receiver cool by placing blotting-paper upon 
it, cold water being from time to time poured upon 
the blotting-papej;, for the purposes of keeping it 

cool. What hikes 
place ? The alcohol 
soon boils, and, pass- 
ing over to the ccx>led 
flask, again con- 
denses. If this pro- 
cess of distillation is 



times, whereby the 


Fig. 7.~AIcohol from yeast aolutlon. contents ImV 

conif moi*c and more free of water, the characteristic 
smell of alcohol, or spirit, as it is commonly termcsl, 
will^ become quite strong. In addition, tlie liquid 
^may be made to burn ju.st as spirit docs, and, in 
other ways, which at present you wouhl Is* unable 
to understand, it may lx* shown that the lirpiid thus 
obtained by the action of yeast iipcjii sugar is none 
other than alcohol. 

4. The Teaet Flaat under the ICicroieope. — Mois- 
ten a glass slip wjth some of the yeast solution, after 
the action has commenced. Place over this a cover 
glass, and proceed to examine the 
yeast solution under a microscope ^ O 
of moderate magnifying power. The w ^ 
little, oval# whitish bodies are the ^ 
yeas^ plants, and the little lumps 
that appeai^m them, and after a Fif.«.-Y«MipUaifc 
time separate from them, are new plants, this being 
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tho way in which these simple plants multiply. 
It is known as budding. When it is noticed how 
(|uickly these new cells come into existence, i^ cannot 

longer matter for marvel that even a small quan- 
tity of leaven^ or yeast should J)e able to leaven 
effectually the whole mass of the d5ugh or sponge, 
however many times this latter may be greater in 
mass than the yeast itself. 

5. Fermentation and Ferments. — Expose some milk 
to the atmosphere for a time, and note that it becomes 
sour. The rca.son for this is that a now body — 
namely, lactic acid — has been formed, and its forma- 
tion is due to an exceedingly small organism present 
in the atmosphere wliich is able to feed upon, and grow 
in, milk, and, in growing, it changes the milk into 
lactic acid. Again, expose some bc^er, wine, or other 
alcoholic li<|uid to the atmosphere, and a new body — 
vinegar or acetic acid — results, which is also produced 
by the growth of a micrascopic organism in the 
liquid. 

Here, then, are three very common examples of 
diemieal changes in organic liquids hrouid^t about by the 
presence of certain substances which do not themselves 
change. These chemical changes what we mean 
by (Imentation, and the substances by means of which 
the changes are induced are called feini)^t% of which 
there are two kinds — ^namely, orgaaie or living, as in 
tlie three cases above cited, where the growth of the 
organism brings about the changes ; and inocgaalc, non- 
living, or ablubla^ as in the case of the p^yalin of the 
saliva and the pqpoin of Uie gastric juice, by the 
agency of which starch and cane sugar are ehangjsd 
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^into gxap 0 sugar, or glucose, in the mouth by ptyalln, 
and proteid matters are changed into soluble peptones 
in the stomach by pepsin. 

It is to be noticed that we Iiave used glucose in our 
fermentation experiment, and the qqpstion may fairly 
be asked why^we did not use starch or cane sugar. 
The reply is that, before starch or cane sugar can be 
fermented, they must be changed into glucose, which 
preliminary change can, however, 1x5 brought about 
by tlie yeast cells. Still, as this preliminary change 
occupies time it is better to begin with the glucose as 
we have done,; but the fact that starch and cane 
sugar, when left for a time exposed to th<‘ air, l)Ccom<5 
changed in like manner as the glucose, is a sufficient 
proof, both of the ability of the yeast ferment to 
convert these substances into glucose, and then into 
carbon dioxide and alcohol, and also of the prescaice 
of veast cells in the atmosphere. 

It is an interesting fact that when lic|uids liable to 
fermentation are shut oft* from the air by a plug of 
cotton wool they do not ferment, which is a proof 
that something contained in the air, and which cannot 
get through the cotton wool, is necessary to the fei*- 
mentation. This something is yeast. 

Apj^cation Bread. — When flour is mixed with 
water, and yeast is added at the desired temperature 
— ^namely, ttpm 70^ to lOO"" F. — fermentation at once 
takes place, and carbon dioxide is evolved, wdiich, in 
fordng its way from the interior of the sponge, as 
the dough » called, produces the required pores and 
ensures the desired lightness. At the same time, the 
alcohol, being very volatile, is driven off by the beat, 
eg that the only result of the fermentation, as far as 

7 
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the bread is concerned, is the porosity which, be it 
noted, would result from the escape of any gas from 
within the sponge, whether carbon dioxide pr not. 
But as it happens that carbon dioxide has no effect, 
deleterious or otherwise, upon tl^^ dough, and as, 
moreover, it can be so readily made use of in more 
than one way, it is the gas always used to make the 
sponge porous. 

Another Way of using Carbon Dioxide in making 
Bread Porous. — This gas is soluble in water, and, when 
under pressure, the gas dissolves in water in large 
(|uantities. When the pressure is relieved, and espe- 
cially when heated, the gas readily escapes from the 
water. This is the principle underlying the pro- 
duction of the so-called aerated bread, in which the 
sponge is made, not with water pure and simple, but 
with water charged with carlx)n dioxide in the way 
just spoken of, so that, when the dough is heated, ^he 
gas escapes and pores result, just jvs in the case of , 
bread mixed with yeast. One great recommendation in 
the case of bread made in this way is that the whole 
of the work is done by machinery, the bread never 
being touched by hands in the process of making. 

B^Aiiig-powdor. — Here, again, the result is the pro- 
duction of a porous, and therefore ligiit, paste by the 
escape of a gas from within the substance of the dough 
during the baking, the gas again being carbon di- 
oxide, but how it is produced we must spend a little 
time in explaining. 

Pbactical Work. ; 

6. Tlw PndneUoii of Oailnqii DtaiUti--*F!t ap a 
flask with a thistle funnel and a deliToiy tube, 
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available, use a two-necked Woulffs bottle, as figured 
in tlie accompanying diagram. Before corking, place 
within the flask some chalk, whiting, hearthstone, lime- 
stone, marble, or washing-soda, all of which substances 
agree in containwg carbon dioxide^in combination 
with an oxide of a mcbil, and are, on this account, 
called carbonates, fmm which the carlxjii dioxide can 
readily be set fi'ee either by heat 
or by acids. The delivery tul )0 
having l)eeu placed at the bottom 
of a dry gas jar, we proceed to 
pour down the thistle funnel some 
easily-procured iicid, such as vin- 
egar, spirit of salt, or hydro- 
chloric acid, or vitriol, as sul- 
phuric acid is called. The result 
is the evolution of carbon dioxide, 
which, being heavier than air, 

<drops to the bottom of the gas 
jar and drives out the air step 
length the jar is full. To ascertain when this stage 
has been reached, a lighted taper is held at the 
mouth of the jar, and when it is extinguislnsl 
the jar is full, for bodies will not bum in carbon 
dioxide as they do in air ; hence the gas is called a 
non-supporter of combustion. Having filled a jar thus, 
place some liifte-water in another jar, and procee<l to 
pour the carbon dioxide into this lime-water, just as 
you would pour in w-ater, then shake up. The lime- 
water at 8nce indicates the presence of the carbon 
dioxide by becoming milky. This shows, at the same 
time, that the gas is heavier than air, otherwise how 
0Q|^ it have been poured into the second jar ? Pour 



F\f(. 0.—rr«pftriiig carbon 
(lloildc. 

by step until at 
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another jar of the gas upon the flame of a candlei 
Why is the flame extinguished ? 

7. Put some solution of litmus 

in a jar, and let a current of car- JBIr 

bon dioxide flof^ into it. Observe ^ f| 

tliat the blue gradually changes to ^ * 

a purple tinge, which may be taken W 

as a weak red. Hence, as adds turn | 

red blue litmus, and other vegetable 

blues, such as that in pickled cab- pig. io.-ponring carbon 
bage, we may Icani from this ex- dioxide from jar. 

perimcnt that carbon dioxide, when passed into water, 
not only dissolves in it, but forms with it a weak 
acid — weak because a purple and not a red colour 
results. 

8. Ahovo some lime-water contained in a gas jar 
burn a candle, as shown in the accompanying sketch. 

Shake up the lime-water, 

observe the resultant 

milkincss, fi'om which it 
may be inferred that, when 
^ a candle bums, carbon dioxide is formed. 
This may ea.sily be believed when we 
lull know that the chief element present 
fir I animal and vegetable substances 

' is carbon, and that when carbon is 

f burned in air, the oxygen of the air 

unites with the carbon of the sub- 
stance, the result of which combination 
is carbon dioxide. From this candle 
experiment, then, we infer that, Vhen. 
any animal or vegetable substance is bifimed in air, 
carbon dioxide is produced ; and it will be a useful 
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exercise for the student to prove this by burning as 
many such substances as possible, and by testing the 
product^ of the combustion with lime-water, whereby 
the truth of our statement may be estiiblished. 

9. How to malg^Baking-powder. — Wo arc now in a 
position to understand exactly what Imking-powder 
is and wliat it does. Take of ground rice half a 
pound, of carbonate of soda one (|uarter of a pound, 
and of tartaric acid three ounces. Powder and ilry 
the ingi'edienis well before mixing them, and, after 
mixing, pass them through a colander or sieve. A 
serviceable baking-powder will now be obtained. 

10. Carbon dioxide from Baking-powder. — Into a flask, 
fitted as before with leading-tube and thistle funnel, 
place some of the baking-{)owder as made in the 
last experiment. Pour some water down the thistle 
funnel, and gently heat the flask. What do you 
see I Test the gas that is coming off* by passing the 
Jeading-tube into lime-water. What happens to the 

lime-water, and what does this show ? 

The essential parts of the mixture are the carljonato 
and the acid, for, as soon as these two sul)stance8 are 
brought into close contact by being moistened, the 
acid decomposes the carbonate, just as in Experiment 
6, p. 98, and as % result carbon dioxide is given off*. 

In MacDougall’s baking-powder the two active 
ingredients aae acid phosphate of lime and potassium 
carbonate. The principle involved is, however, exactly 
the same, there being present a carbonate and a solid 
add, which, so long as they are kept dry, do not 
internet, but when water is added the acid acts upon 
and decomposes the carbonate, and so brings about the 
ewdution of carbon dioxide. 
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11. Composition of Flour. — Make a little muslin bag 
and fill it with flour ; then tie up the opening. Put 
the bag under a tap of running water, and wj^ilst the 
water is playing on the bag sc^ueeze the contents 
fre(|uently, so U^at the starch int^ be (|uite carried 
away. When the bag is opened, a fenacious, sticky 
substance will Im) found within, which is not starch, 
since it does not turn blue when treated with icxline 
solution. If cx|X)sed to the moisture of air, the gluten, 
which is the name given to this sticky substance, 
will putrefy ; but if kept perfectly dry, it remains 
unchangtd as a glue-like substance. 

12. Gluten contains Nitrogen. — Pound up together 
some lime and caustic smla. Put this mixture, to- 
gether with some gluten, into a test tube, and heat 
over a Ihmsen burner or spirit-lamp. ()l)serve the 
strong smell of ammonia that comes off. This is due 
to the nitrogen and the hydrogen that the gluten 

contains: for these two elements combine to form 

^ • 

ammonia when nitrogenous material, either vegetable 
or animal, decomi>OHes, so that the production of 
ammonia, when a bixly is heated with soila lime, is 
the usual pniof that such a Ixxly contains nitrogen. 
We may, therefore, class gluten amongst nitrogenous or 
flesh-forming foods, a fact that ^'oucl!ps for the justice 
of the claim of bread to be called the staff of life, 
since it contains heat-giping starch an^ fleidi-forming 
gluten, the proportions of the two being starch 70 per 
cent, gluten 10 per cent 

Action of Heat on Sugar. — We have studied the 
action of heat upon starch, and have observed the 
bursting of the w^all of the starch granule and the 
conversion of starch into British gum, or dextrin, and, 
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later on, into glucose, or grape sugar. The applica- 
tion of this to bread-making has led us to the study 
of the* composition of flour. We now proceed to 
examine the effect of heat upon sugar, which, as a 
food-stuff, is no important than it is pleasant. 

13. Heat some white sugar in an iron spoon, or, 
better still, in a crucible. Find its melting ix)int by 
inserting a therinoineter in the melting mass, and 
recorf the result, which should Ixj al:)out IhO*" C. If 
now allowed to cool, we have the familiar barley-sugar, 
wliich differa from ordinary loaf-sugar in Ix'ing yellow, 
glassy, and non -crystal line. If we continue the 
heating up to about 200° C., we shall pro<iuc<j a dark- 
brown substance, the burnt-sugar of the kitchen, the 
proper name for which, however, is caramel; it is 
sugar deprived of some amount of water. Caramel 
is used for colouring gravy, and also for colouring 
wipes and spirits. Heated alx>vc 200° C., the sugar 
is completely turned into a black mass of carten. 

14. That sugar contains Cfir>x)n may Isj mucli nion* 
simply shown by taking a solution of .sugar and 
adding thereto some vitriol or sulphuric acid, where- 
upon the liquid Ixjcomes black throughout in con- 
sequence of the production of a carlx)nized mass by 
the action of tha sulphuric acid upon the sugar. 


IV. BUBNING AND THE AIB. 

^ Practical Work. 

>. Light a candle and place it on a piece of board 
floating on some water in a vessel Place a glass bell 
cr a large glaae jam jar, over the candle, ao that 
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the mouth of the jar is under the water. The candle 
soon goes out, although there is still some air in the 
jar, else why does not the water rush up to tfill the 



vacant space ? 

2. Ilaing the same ap- 
paratus, but putting a 
piece of phosphorus float- 
ing on a cork in place of 
the candle and the piece 
of board, note how far 
the water goes up into 
the jar when the jar rests 


Pig. 12.— Candle burning under I'be bottoill of the 

**®“^"* vessel. Put a piece of 

stamp-paper to mark the height of the water. Now 
take off* the jar, and touch the phosphorus with a red- 
hot iron wire. The phosphoinis is at once ignited, 
and bums brightly. Replace the ~ 

jar, and press it down so that noth- 
ing may escape until the burning 
state has ceased. Let the appa- 
ratus remain as it is for about a 
quarter of an hour, when the white 
fumes formed by the burning 
phosphorus will have disappeared. , 

Where have they gone ? Evidently 
they must have dissolved in the 
water. Now mark with another 
piece of stamp-paper the height iwpiMapora. 
to which the water has risen inside the.jar. If 
the experiment has been successful, this will* be 
one-fifth of the jar, so that, in bunung,*the phoa- 
phmras has used up <»e-fifth of the aar. It will be 
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noted that there is still some phosphorus left, and 
the question now arises why the phosphorus and the 
candle (}id not go on burning. The only satisfactory 
answer to this question is, that there is something in 
air in which phqgghorus, candle, eU^ will burn, and 
something in which they will not burn ; and that, 
whereas the former comprises one-tifth of the air, the 
latter comprises four-tifths. Taking this as the true 
explanation of the fact that the phasphorus and the 
candle only burn for a time and then go out, leaving 
four-tifths of the air iinconsumed, it will be under- 
stood what is meant by the statement that air consists 
of an active iiart which supports combustion, and an 
inactive portion in which things will not bum, the in- 
active portion Ix^ing four times the bulk or volume 
of the active part. The active portion of the air is 
called oxygen, whilst to the inactive part the name 
nitrogen has been given. 

3. When Bodies bum, new Bodies are formed. — In 
our last experiment the white fumes that were 
formed, wdien the phosphorus burned, were neither 
phosphorus nor air, but a new body, iiariKsl phos- 
phorus oxide. This truth is rendered even more 
evident by the simple experiment outlined below. 
Take a piece o^ magnesium ribbon, and observe its 
colour, its lustre, and any other of its properties. 
Now insert the end of it in the Bunsen flame. It 
bums with a dazzling light, and, after the burning, 
there is left a white body, resembling neither mag- 
nesium nor oxygen. It is a new body, that has 
resulted from the combination of the magnesium with 
the oxygen. Whenever bodies naite iogeUier in the 
chesyeal way a new body zeenlta 
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The student will perhaps ask what is meant by 
combination or joining together in the chemical way ; 
to whicli it must be replied that the s^udy of 
chemistry is needed for a complete underatanding of 
this. ^ 

Perhaps the following quotiitioiT^iSm the author’s 
“ Section 1. Physiography ” will make matters a little 
clearer : — 

**The gas nitrogen, which is the most plentiful 
constituent of the atmosphere, has no odour whatever, 
and is so sparingly soluble in water as to be prac- 
tically insoluble therein. 

“ The same may Ikj stiid of the gas hydrogen, one 
of the two elements found in water. If we merely 
mix these two gases together, we have a mixture 
which, like its component elements, is inodorous and 
insoluble. 

“ But if wc cause electric sparks to pass through 
the mixture, we soon make acqimintance with the ^ 
marvellous eftects of a chemical union. The gas 
ammonia is produced, which is one of the most power- 
fully cxlorous of all Ixxlies, and is so exceedingly 
soluble in water that one volume of water will dis- 
solve more than a thousand volumes of ammonia. 
Whence conies the newly-got odoui; and solubility ? 
Certainly not fixan the hydrogen, and, just as surely, 
not from the nitrogen. All we can say 48 that these 
properties, absent before and present after chemical 
union, have, in some way or other, been gained bp the 
body in the act of combination. • 

** Again, hydrogen, carbon, and nitrogen are oon- 
poisonous sutetances, and a mixture of them is equally 
innocuoua But let chemical attraction take plage 
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^between them» and a new body — hydrocyanic or 
prussic acid — is produced, and this is one of the most 
active g«nd most deadly of all {K)isons. ISuch examples 
might be multiplied indefinitely;' for it is the in- 
variable rule th^when chemical ac^on takes place, a 
new body resuRs, differing in characteristics more or 
less widely from the original matter from which by 
chemical action it was formed. Bearing in mind these 
fticts, it is no wonder that chemical combination has 
l^een spoken of as the neare^st p(jssible approach to a 
creative act. There is, of course, no creatio!i of matter 
when combinatioii takes place, but there is an abun- 
dant development of new and fretpiently st4irtling 
properties, which result from the working of this 
mysterious chemical attraction. 

“ To the chemist the field of nature does not merely 
present an assemblage of animate and of inanimate 
bodies, of solids, liquids, and gases ; it is his business 
^ to go decpcT into the question, and to seek to leani 
how many diatinct kinds of simple substances there are 
in existence, and what are the properties of c?ach. By 
building up (synthesis) aiul by breaking down (anal- 
ysis) he is bent on ascertaining what combinations 
are possible, and what is the nature of the new IxxlieH 
resulting therefqpm. In a woni, chemistry is an experi- 
mental science, which by varied analysis and synthesis 
seeks to discqyer the composition and properties of matter. 

Elements, Oompounds, and Mixtures. — When exaiit- 
ining a body, the first question the chemmt asks is, 
whether it is an element, a compound, or a mixture. 

Element is a body firom which nothing baa been 
got tmt itaem Thus, we may do what we will to 
iron, sulphur, or oxygeu, and, however much we may 
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seem to change them, from each we shall succeed ih^ 
getting nothing but itself — from iron nothing but 
iron, whether solid, liquid, or gaseous ; from ^ulphur, 
sulphur; and from oxygen, oxygen. Hence these 
three bodies ar^ regarded as fuxidamentally simple 
and elementaiy. There are in nature 'about serenty- 
ll 76 elements, out of which, by combination, the whole 
univerae is built up.” 

A Oomponnd is a body composed of two or more ele- 
ments combined together chemically. Thus, water and 
lime are compounds, the former of oxygen and hydro- 
gen, the latter of calcium and oxygon. The white 
body produced by the burning of magnesium is also 
a compound, the elements in it being oxygen and 
magnesium ; and the fact that the compound is formed 
so easily and with so much energy is a proof that the 
attraction between oxygen and magnesium is very 
great. It is very carefully to be noted that this 
attraction between the chemical elements that brings 
about combination varies very considerably, so that 
one element may attract and be attracted by the 
whole of the seventy-five elements, whereas another 
may have so little of attraction as to make it very 
difficult to bring it to combine with any element at 
all. Now, as the student will have guessed, this just 
expresses what was meant when we stated that air 
consisted of an active and an inactive^ portion, for 
oxygen is one of the most active of the chemical 
elements, whereas nitrogen is just the reverse ; so that 
when bodies burn in air, or are acted upon^by air, it 
is always safe to say that nitrogen has nothing to do 
with the matter, as it remains inactive and^unchanged 
throughout the whole reaction. ^ 
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Bimliig is OhEmleal OombinatioiL — ^After what haa 
been said and done, it is hardly necessary to say that, 
when bodies burn, chemical combination is taking 
place ; and that, when the burning takes place in the 
atmosphere, th ejo nibination is betw^n the oxygen of 
the air on the one hand and the burning Ixxly on 
the other, the nitrogen being purely passive. It is, 
however, neceasary to say that there are many degrees 
of burning or combination. Sometimes, as in the case 
of phasphorus and magnesium, the burning is exceed- 
ingly energetic; sometimes, as in our bodies, 

which arc always burning so long as we are alive, the 
combustion is so slow and the combination so com- 
paratively inert as to produce no light, although the 
heat pixxluced by the combination is very plainly 
evident ; sometimes, again, as in the ciise of the rust- 
ing of iron, the combination is so inert as to produce 
no«evident heat. Still all these reactions result in the 
« production of new bodies. Each is a case of chemical 
combination, whether we call it burning or combina- 
tion or not ; the difltercnce is simply one of degree, and 
not of kind. 

It will now be convenient for us to study the 
preparation and properties of oxygen, in order to 
realize from experience what is ipeant by combination 
and the formation of new bodiea 


• OTTOBt. 

Oiyi«n.— This important constituent of tho com- 
pound water and of the mixture air we now proceed 
to examine. 
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Practical Work. 


1. Procure os nnich of the red powder — mercuric 
oxide, or red precipitate, as it is commonly called — as 
will cover a shilKcij^, and heat it ovei^Bunsen burner 
in a hard ^lass test tul)e. Observe that the powder 
turns bhick on heating, but regains its colour upon 
cooling. This is a mere physical change, temporary, 
and productive of no new IxKly. Continue the appli- 
catioii of h(!at, and place a smouldering splinter of 
wo(xl at the mouth of the tube. Soon the chip burns 
with gi'eat brilliance and bui*sts into flame. Evidently 
a new body has Ix^en produced, with properties differ- 
ent from those of mercuric oxide. This is oxygen. 
If now the sides of the tuln* be examined, a mirror 


will be seen to have formed u{x)n it. This is mer- 
cury ; so that, by means of heat, mercuric oxide has 



been broken tup 
or decomposed into 
two new substances, 
oxygen and mer- 
cury, and all the 
signs of a chemical 
change are present. 

Vhe Discoverer of 
Oxygen. — This is 
an expensive and 
inconvenient means 


rig. 14.— PrlMtlqr’f «xperimeiit: oxygen ob- of nrenarilllf OXV- 
Ulned from nlr by tb« continuMl henUag of preparing 

gen, but •it IS of 
exceeding interest, because it is the method by which 
Priestley, the discoverer of oxygen, prepafed it, and 
demonstrated that it was a constituent of the atmoo- 
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^ere. He heated the metal mercury in air for 
three days in the apparatus shown in Fi^. 14, and 
noticed that a red film formed ujx)n the mercury. 
This was mercuric oxidt?, which Inid been obtiiined 
by the action of the air upon mercu|;^^ Subsecjiient 
heating at a higlier tempemtiire decomposed the body 
and set free oxygen, which for the first time was 
separated from air. 

2. Best Way to prepare Oxygen. — Bend a piece of 
soft glass tubing to an obtuse angle at ejich end, and 
insert one end in a cork that tightly fits the mouth 


of a flask. Let 
the other end 
of the tube pass 
under a beehive 
shelf placed in a 
trough contain- 
ing sufficient 
water to cover 
the shelf. Fix 
the flask on a 



sand bath rest- lS.-~Ap|Mmitus for oollocllnv oiygen over wntor. 


ing on a retort stand. Take equal parts V)y weight 
of powdered chlorate of potash and manganese di- 
oxide, with which^the flask is to be about one-fourth 
filled. Over the hole of the beehive shelf place an 


inverted gas j^r full of water. Apply heat to the 
flask by means of a Bunsen burner or a spirit-lamp 
placed under the sand bath. Soon bubbles of gas 
will collect^in the gas jar, which, however, should not 
be placed on the shelf until after the escape of the 
first instalment from the delivery tube, as this will 
be. air driven out by expansion and displacement. 
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Proceed now to collect eight jars of the gas, placing 
greased ground-glass plates over the top of the jars 
to prevent the gas from escaping. 

Jar 1. — Place this again in water with its moulh down- 
wards, and remmre the glass plate. Shake the jar with- 
out allowing the m^h to come above 
the surface of the water, and observe 
that the level of the water does not 
show any perceptible increase in height. 
Oxygen is almost insolnble in water. 

Jar 2. — In this jar place a smoulder- 
ing chip, as in the case of the gas that 
was obtained from mercuric oxide. 
Note that an extictly similar result is 
obtained, thus proving the identity of 
the gases obtained respectively from 



rig. io.-smouWering incrcuric oxide and chlorate of potash. 

^ defla^ting spoon 
put a piece of sulphur about as big as a pea.^ 


Ignite the sulphur, and observe 
the pale blue flame with which 
it bums. Now place the burning 
sulphur in the jar of oxygen, and 
notice how much moi^ brilliantly 
it burns. When the action is 
over, pour some water into the 
jar, and placing the hand over 
the mouth riiake the contents 
briskly.. Note that the hand is 
suckeddown, thusprovingthat the 



^yig. 


sulphur oxide has been dissolyed. tmtuafteoBTfi®. 

Jar 4k — Treat this exactly 'Ibhe same ai|,the preoed* 
ing, substituting phot^horua for sulphur. Oba^e 
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•that the phosphorus burns brilliantly in air, and with 
increased and dazzling brilliancy in oxygen. Note 
also that the oxide of phosphorus is even more soluble 
than tfie oxide of sulphur, ns is proved by the hand 
being more forcibly sucked down, ^‘ep the solutions 
thus obtained ffJT further experiment later on. 

Jar 6. — The deflagi-ating 8i)oon is now to l)e tilled 
with powdered charcoal, to ignite which will lx? moi*e 
troublesome than in the two pivceding ciuses. When 
the charcoal begiiw to burn, the deflagrating spoon is 
to be placed in the fifth jar of oxygen, as in the two 
previous experiments. 

To each of the three solutions now piweecl to add 
a solution of blue litmus, and note carefully that the 
sulphur and phosphorus oxide solutions at once turn 
the blue litmus a l>right red, ami that the oxide of 
carbon solution reialers the blue purple. 

If the two former solutions be tast4?d, it will be 
noticed that they are stmr, like vinegar; moreover, 
they are like vinegar in turning vegetable blues red. 
as is shown by the action of vinegar on pickled 
cabbage. Such sour bodies that turn Tegetablo blues 
red are acids, whose properties we shall further con- 
sider later on. The point for the student to carefully 
note is, that an acid results when the oxides of sulphur 
and phosphoras are added to water, with which they 
therefore combine. With regard to tlie oxide of 
carbon, that also forms an acid when added to waU?r ; 
but the acid is a very ureak one, as is suggested by 
the purpljng instead of reddening of the blue litmus 
solution. 

Jar 6L— ^lace in the deflagrating spoon a piece 
of sodium about as big as a pea. Heat it in the 
(ijm) 8 
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Bunsen flame until it' just begins to glow, then transfef 
the deflagrating spoon to the jar of oxygen. The 
sodium bums brightly. Add water to the white 
sodium oxide, and ol^erve that it dissolves! Now 
take a portion the liquid between the thumb and 
the forefinger, and notice the soap:^^^! Pour into 
the solution some of the reddened litmus from one of 
the previous experiments, and observe that it is again 
turned blue; so that sodium oxide, when added to 
water, yields a sojipy solution capable of turning red 
litmus blue, and of neutralizing an acid. Such a body 
is called an alkali. 

Jar 7. — Put a coil of magnesium ribbon or wire 
in the deflagrating spoon, and hold the spoon in the 
Bunsen flame until the metal l)egin8 to burn with 
great brightness. Transfer the spoon to the jar of 
oxygen, whereupon the magnesium emits a blinding 
white light, and a white solid remains behind after 
the burning. Put some water in the jar^ and observe 
that the oxide does not dissolve, as magnesium oxide * 
is very sparingly soluble in water. Take now a strip 
of red litmus paper and moisten it. Place upon the 
moistened paper a portion of the white magnesium 
oxide, and note the blue stain. Magnesium oxide is a 
slightly alkaline body, like sodium oxide. Like sodium 
oxide, too, the oxide of magnesium is able to neu- 
tralize acids. 

Jar — In this jar we are about Co bum iron. 
Take some fine iron wire and coil it up. Place it on 
the deflagrating spoon, and then sprinkle so^e sulphur 
on it This is to start the action, as iron requ^^ a 
somewhat high temperature before it will ^{ura. After 
igniUng the sulphur, immerse the deflagrating spoon 
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the oxygen. At first only the sulphur bums ; but 
by-and-by the iron begins to burn 
and to^send out beautiful scintil- 
lations. If we look at the bottoui 
of the jar, we shall see a deposit 
of a blackish substance that luis 
burned its way into tlie glass. 

This is the oxide of iron. ITpon 
the addition of water to it we 
find that there is no solution, as 

. .... % t t • . 18 .«-fron tmrning lo 

11*011 oxide IS insoluble in water. oxygen. 



Our experiments have t^^ght us that oxygen is 
a very active body, ns it not only combines with metals 
and non-metals, but it does so with so much energy 
as to produce great heat and dazzling light. Instead 
of showing this with respect to six elements only, we 
mi|rht have multiplied our experiments very materially, 
as oxygon combines with every known element except 
fluorine, w'hich is another way of expressing how ex- 
tensively oxygen is attracted by anci ntti*actH other 
elements. 

We have also shown that there are two classes of 
oxides which differ greatly in their properties, being, 
indeed, directly ppposite in these respects ; thus, sul- 
phur, phosphorus, carbon, and other non -metallic 
elements, un^te with oxygen to form acid-making 
oxides — that is, oxides wldch, when added to water, 
oombine with it to form acida Themi oxides are 
called aalyrdridos, a word signifying without water ’* 
— that is, an oxide without the water needful to 
make it copDpletely an acid. 

.Metals, on the other hand, form oxides mostly 
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insoluble in water — like oxide of iron — most of 
which, however, are capable of neutralizing acids. 
Such metallic oxides are called bases. Some )^es — 
and they are the strongest, like oxide of sodium — 
are soluble in Wioter, to wliich they give a soapy feel 
and an alkaline reaction — that is, ability to turn red 
litmus blue. 

When an acid is neutralized by a base, a new body 
called a salt is formed ; so that, from our study of 
oxygen, we have arrived at the meaning of three 
most important chemical terms — namely acid, base, 
and salt. It remains to lie said that although the 
alxive statement is in a general sense tine, there are 
some iion-metallic oxides that are not anhydrides, and 
some metallic oxides that are not Ixises. The annexed 
table will make this clear, and will also indicate the 
intimate connection that exists Iwtween acids, bases, 
and salts. 

Oxides. 

I 

I “ I 

Metallic. Non-metallic. 


Ilaaes. Neutral. Aiihydrifles, Neutral. 

L whi(*h with water 

fonn 

ailded to Aids 

fonn 

Saits. * 

The Heating of Bodies. — From what has preceded, it 
should now be thoroughly understood thi|^ to heat 
substances in air means to make the conditions 
favourable for the active part of air — nan^Iy, oxygen 
— to act upon these substances, and for these po 
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react upon oxygen, the end of this iimtuai action 
being the foniiation of one or more new bodies com- 
posed gf oxygen and the substances in (|uestion. 

3. In further pixxif of this, proceed to burn weigher! 
portions of sonij^or all of the followhig substances — 
fat and lean meat, bread, wocxl, paper either in a 
weighed crucilde or in a spiral of platinum wire. 
Weigh the incombustible ash that remains in each 
case, and write your weighings in your Ialx)ratory 
book. Where are the new bxlies ^ They were gases, 
ami have therefore vanished into air. 'fake a hai*d 
glass test tulx% and place a piece of bread within it, 
and heat it. Observe the moisturii that collects on 
the side of the tub). Evidently one of the new 
bodies is water. After having strongly heated the 
breail for some time, pour the gas produced into lime- 
watm*. Another of the gases is now seen to l>c 
ca^biti dioxide, and we learn that when such bxlies 
as the above — that is, organic bxlies — arc burned in 
air, water and carbon dioxide are formed. 

Application to Onrselyes. — We have only to breathe 
on a cold surface, such as a pane of glass, to show 
that water is coming off continually from our Ixxlies, 
even if we do not observe the wattn* that comes ofl* as 
perspiration ; at^ again, we have but to breathe into 
lime-water to show that carbon dioxide is also con- 
stantly being produced within us. Something must, 
therefore, be taking place within us similar to the 
burning of meat, bread, etc. What is it i Of course 
it is our» bodies which are slowdy buniing; and this 
acooonts, not only for the water and carbon dioxide 
given off, but also for the heat which distinguishes a 
living from a dead animaL 
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4. Heat withont Air. — Pl^e a splinter of wood in** 
a hard glass and cither plug up the mouth of 
the tube with cotton wool or hold the thuinb.loosely 
ovci’ it, by which means the air may be shut out. 
What do you observe? and what Remains ? You 

can see that when a body is heated out of air, the 
heat brings about the decomposition of the body, its 
volatile portions being driven oft* and its non-volatile 
portions alone remaining behind. In this case the 
fumes represent the volatile part, the charcoal the 
non-volatile part of the wood. 

Application tO' Goal — We shall see later on that 
exactly the same thing happens when coal-gaa is 
manufactured from coal. Coal is placed in closed 
iron retorts and is strongly heated out of aii*, whereby 
it is decomposed, the volatile portion being impure 
coal-gas, the non-volatile constituent, corresponding 
to the charcoal of our last experiment, being cq^e, 
wliich remains behind in the retorts. Before being ^ 
tit for use, the coal-gas has to be purified in various 
ways, of which we need speak no further. 

Now let us return to our experiment. Take the 
charcoal from the tube and twist your platinum wire 
round it, sa that you may be able to hold the cliarcoal 
in the flame. What happens now 4 What has be- 
come of the charcoal ? What new body may have 
been formed ? • 

Application to BotUng or Decay. — It may be shown 
that carbon dioxide and water are given off when 
oiganic matter, such as leaves, meat, etc., decays or 
rots in the air. If also the hand is plunged into a 
mass of decaying leaves, the mass is foi^ to be 
warm. Does this not prove that decay is also alopv 
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combustion or burning ? Write down your ivasons 
for this statement. 

We •may sum up the whole of what has Ix^eii 
pi'oved by saying that when animal or vegetable 
substances buri^or decay in air, the chief jairt of 
what takes plticc is the action bt»tween oxygen, the 
active part of air, and the carl)on and hydrogen, 
wliich are always present in such Ixslies, carbon 
dioxide and water being formed. 

Do you undei*stand now that life, death, and decay 
are mainly due to oxidation, and depend upon the 
active part of air ? Think the matter over, and, if 
it is not clear, repeat the preceding ex{)eriments and 
read the preceding explanation of them. 


VL AOTION or HEAT AND AIR ON MINEBAL 

* SUBSTANOEa 

We have already heated ii*on, sulphur, and phos- 
phorus in oxygen, and we have found that iron com- 
bines or burns with difficulty in oxygen to form a 
black oxide; that sulphur readily combines with oxygen 
to form a suffocating gas that reminds us of burning 
matches. Whjb? Phosphorus unites with oxygen 
even more readily, burning as it does with dazzling 
brightness ta form the very soluble phosphorous oxide. 

It is now required to heat copper, iron, and sulphur 
in the air, in order to see whether the oxygen of the 
air will «nite with them just as the pure oxygen did. 
Take, therefore, some copper turnings, and heat them 
in a test t«be, or hold some copper wire in the Bunsen 
flame. It changes colour and becomes black, and the 
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Htudent will readily guess that the black body pro- 
duced is the oxide of copper. Now heat some iron 
wire, and observe that it becomes coated with,a kind 
of scale, which is the oxide which has resulted from 
the burning. Sulphur is next to be heated in a test 
tube or crucible. Observe the pretty yellow liquid 
that is produced when the sulphur melts, and see how 
soon the suffocating odour and the blue flame become 
evident, thus plainly showing that oxygen and sulphur 
very readily combine together. 


Practical Work. 



1. The Rusting of Iron. — Fill a small flask or a test 
tube with water, and boil for a few minutes, by which 

means all the air dissolved in the water 
will bo driven out. Now put n bright 
steel pen-nib in the water, and after hav- 
ing tightly corked <lown to the level of Jho 
water put the tube on one side and examine 
it from time to time. There are no signs 
Pig. io.-Peii- so that evidently water 

nib In water. aJonc will iiot CHUsc iron or steel to rust. 

Next let us consider dry air and rust. When is 
it that steel and iron articles rust ? When do they 
not rust ? It will Ix) known to a)l that it is in 
damp weather that rust is fonned. When the air is 
dry, as in summer, steel or iron things* may be left 
out in the open without the least fear of rusting. 
We have thus leanied that neither water nor dry 
air by itself is able to cause iron to rust. • 

2. Moisten a bright steel nib urith water, and ex- 
pose it to the air for a day. Examine ib after this 
time, and if it has not rusted repeat the experiment. 
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Eventually it will become coated with rust, so that 
wiiat air - and water ctinnot do by themselves they 
readily ^o when acting in conjunction. 

Explanation. — Oxygen is slightly soluble in water; 
and if iron, which will not combiue with oxygen 
directly, is brought into contact with water having 
oxygen dissolved in it, the water hands the oxygen 
as it were, ami under these conditions iron is 
attFO^^ed by and attracts the oxygen, and they com- 
bine tJ)" form the well-known rerl rust, which is thus 
produced by the combination of iron with oxygen, by 
the aid of water as an intermediary. 

3. Does Iron gain or lose Weight on rusting? — 'rie 
up some iron Ix^rings or French nails in a muslin 
Ixig, and weigh the bag with the contained iron. 
Fix the bag in the upper part 
of a bell jar, and place the 
bell jar in water, as in the 
» {Accompanying diagram. By 
means of stamp - paper mark 
the height to which the water 
rises. Leave the borings (or 
nails) tlius exposed to the 
action of moist air for sevenil • 
days, after the • expiration of ircwnwiinfin 

which again weigh both I>ag niuriidUf. 

and borings, •and observe the heiglit to which the 
water has now risen in the jar. How do you >iccount 
for the difference in weight ? Is it in accordance with 
expectation 1 Record your results in your Iaborat4>iy 
boolp, and add a few uronls in explanation of the 
difference. • Now consider the rising of the water in 
the jar. The water has crept up just as much as it 
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did wlien we burned the phoHphorus under the bell 
jar over water. Test the gas tliat remains with a 
lighted talker. Which part of air remains, tl^e active 
or the inactive ? Can you underatand clearly from 
this experiinenUthat air is a mixture of active oxygen 
and inactive nitrogen, four-lifths being nitrogen and 
one-fifth oxygen, and that it is the active or oxygen 
fifth that unites with the iron to form iron rust? 
Just in the same way a stick of phosphorus, if hung 
in a confined space, will combine with the oxygen, and 
leave behind the less active nitrogen. The student 
should perform this experiment, and again test the 
residual nitrogen with a light and with lime-w'ater. 
Prove also this same truth concerning the composition 
of the air by substituting a stick of phosphoinis for 
the iron lx)rings in the above experiment. 

4. SyntlieBUi of Air. — Place a Ixdl Jar over water, 
and proceed to deprive the air of its oxygen in either 
of the tliree ways above referred to — namely, (1) by^ 
burning phasphorus; (2) by letting a stick of phos- 
phorus slowly combine witli the oxygen ; or (3) by 
exposing iron borings to the air made moist by the 
water over which it is placed. Or a jar four-fifths 
full of nitrogen may be prepared by heating ammo- 
nium nitrite in a flask, when nitn^n wdll be given 
off. Next, from the oxygen apparatus already used, 
pi*oceed to fill up the jar, and let the two gases 
tlioroughly mix, and then pass on to examine the 
mixture by burning a taper in it to see if it be- 
haves like air. Any test ivhatsoever may«be applied 
to it, but no difference between it and atmoepheiie 
air can be distinguished. It is fair, then, to assume 
that by mixing together four measures or volumeau>f 
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nitrogen, and one ineaaure or volume of oxygen, air i» 
produced, which attbrds fuiilier pi-oof of the fact that 
air is mixture of nitrogen and oxygen, in the pro- 
portion of four volumes of nitiogeii to one volume of 
oxygen. It majg be pointed out, in passing, that the 
part played hy nitrogen is a most imiK)rtant one. It 
dilutes the oxygen, and saves us from the dire effects 
of breathing pure oxygen ; an inestimable service, for 
if we were to breathe pure oxygim the combustion of 
our tissues would no longer be the slow beneficial 
combination now in force, but rather an exhausting, 
energetic combination, the imiiUMliate conse<|U(mce of 
which would be a much shorter span of life than obtains 
under the present conditions of slow combustion. 


CoMi*OHiTioif OF Air. 

CoiiHtiUientM. PcrcentAge. IVrt'cntAire. 

Oxygen 20*01 Walter vji|HHir 1*4 

Nitnigeii 77*05 Aninionm Tracc^i. 

tiarbun di<ixi<le 0*04 Oxoriv .Tracea. 


Heat and Chemical Combination : Matches. — Examine 
an ordinary match and a safety match. Strike 
them. Why do they bum / Consider first the strik- 
ing or rubbing. What happens when two IxxlieK 
are rubbed together, like the match and the box '/ 
Eveiybody knoMi^ that heat is pixxluced, and a little 
reflection will make it clear that the hcfit really comes 
from the striker, whose force it is that causes the 
rabbing. The heat produced by the nibbing or fric- 
tion should next be considered. What does it do ? 
It makes ^he match bum. But burning is chemical 
combination, and we have learned that heat brings 
about the combination of bodies that otherwise would 
not oombina Now the burning. Why does this give 
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U8 heat ? Becaune it is a inile that when bodies com- 
bine to form new bodies heat is given out ; and of this 
we take advantage in making our matches, for we use 
in making them substances that will readily combine 
with the oxygen of the air and give out much heat 
in so combining. What bodies have we already dealt 
with that burn easily and with great heat ? We at 
once think of phosphorus and sulphur, and rightly so 
too, for these are the two chief things used in match- 
making. In ordinary matches the (|uick-lightiiig 
phosphorus is in the match. In safety matches it is 
on the 1k)X. Write down in your note-book now the 
reason why safety matches strike only on the box. 


Vn. HEAT. 

We have been much concerned fi-om time to tjine 
with heat, and we shall be again concerned with it in . 
the next section, when we discuss fuels. Let us then 
ask ourselves what heat is. 


Practical Work. 

1. Suspend a piece of iron from the beam of a 

c balance by cop- 
per wire, as in 
the accompany- 
ing diagram,and 
very carefully 
weigh it. With- 
out removing 
the iron,proceed^' 
Plf • IL— Iren dott BOl ehaaft IB iMtUaa ^ heat it With 
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a spirit-lamp or Bunsen burner, but do not heat the 
wire. Does the iron change in weight ? If heated 
cautioa^ly, the answer will be no, and this is always 
the case when the air does not act clieinically upon 
a heated body ; and it proves that* heat is not a 
substance, for iC has no weight, and all substance 
or matter has weight. It is much easier to prove 
that heat is not substance than it is to prove what 
it really is ; but you may take it for granted that 
heat is power or energy, and not sii Instance or matter. 
When bodies combine together, some of the power or 
energy that was in them is set free, and that is why 
chemical combination releases heat. 

Fuel — Anything that is burned to prcsluce heat 
may \yo. descrilx'd as a fuel. There are thus many 
kinds of fuel — gaseous, liquid, and .solid. Of gaseous 
ftiels, hydrogen, coal-gas, and carlx)!! monoxide are 
the chief; of liquid fuels, we have {xtroleum and 
.certain other oils, l)oth mineral and vegetable; whilst 
solid ftiels, which are far and away tlie most im- 
portant of all, are the various kinds of wood and 
coal. In burning wood, much of the heat is used 
up in converting the water contained therein into 
steam, and in driving off the volatile constituents ; 
hence the conveQiion of wood into charcoal prorluccs 
a more valuable fuel, Ijecaase more concentrated and 
more powerfuj in giving heat. 

It will be observed that all the.se are of vegetable 
origin, and therefore consist of the four elements 
characteriqjtic of living matter — namely, carbon, oxy- 
gen, hydrogen, and nitrogen ; and it ha.s already been 
ehown experimentally, and will be shown again by 
experiments that are to follow, that when organic 
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matter is burned in air or oxygen, or allowed to 
decay, wliich is really slow combustion, these ele- 
ments are converted into carbon dioxide, water, and 
ammonia, the oxygen present assisting in tlie trans- 
formation. now proceed to examine charcoal, 

which, as above stated, is the product obtained by 
heating wood away fi*oiii air, as in a charcoal-burner’s 
heap, and as in our test-tube experiment with the 
splinter of wood. 

2. The Products of the Combustion of Charcoal — 

Place some charcoal in a bulb tube, and connect the 



one end with an 
oxygen apparatus 
containing chlor- 
ate of potash and 
manganese diox- 
ide, and the other 
with a vessel 
containing lime- 
water. Strongly 
heat the charcoal 


in the bulb tube, and pass a current of oxygen over 
the heated carbon. The carbon bums brightly, as 
it did in Experiment 5, p. 113, and at once the lime- 
water becomes milky, thus proving t^at carbon dioxide 
is one of the products of the combustion of carbon. 


3. We will now perform this experiment a little 
more carefully. Take the oxygen apparatus and the 
bulb tube as before, but now carefully weigh the tube 
and its contents, and when fitting together^^these two 
parts interpose a number of drying tubes containing 
calcium chloride between the' oxygen tube and the 
bulb tube. This will ensure that only, dry oxypn 
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passes over the charcoal. Instead of running the 
gas into the vessel used before, join a set of potash 
bulbs tq the exit end of the bulb tulx% the potash 
bulbs being filled with a strong solution of {)otash 
which will absorb the carlx>n dioxide. Having 
weighed the potash bulbs, and joinefl them up as 
in the diagram, proceed to heat the carlKMi and sencl 
over it a slow, steady stream of oxygen. Note the 
light produced ; and after the experiment has pro- 
ceeded for some time, take the apparatus apart and 
reweigh the bulb tul)e and its contained ciirl)nn, and 



also the potash bulbs. Record your results, and notice 
that the gain in the potash bull)s exceeds the loss 
in the carbon, thys proving that something has been 
fixed by the carton in burning. This something, of 
course, is oxygen. How does this prove that burning 
is not destruction of matter ? Docs it prove that 
burning is chemical combination ? If so, how ? 

4. Taki^ the apparatus used in either of the above 
two experiments, but substituting an empty bottle 
with a stop-cock near the bottom for the oxygen 
apponitus^ proceed to carry out the experiment 
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with ail* in place of oxygen, the stream of air 


being forced over the carbon 
by the pouring of water 
into t]ie l)ottIc, whicli has 
a thistle funnel passing 
right down to the bottom 
for this purpose. Tlie re- 
sult is pretty much the 
same as l)eforo, except that 
the combination, as evinced 
by the less energetic burn- 
ing, is not so powei*- 
ful. This falling oft* is 
due to the mixture of ni- 
tmgcn with the oxygen in 



the air. 


Ftg. 24.— 'Bottle containing air, which 


is forced out by water. 


Vm. fiZPEBIMENTS WITH OOAL. 


Pbactical Work. 


1. Tako a long clay tobacco pipe, and place some 



Fif. Makliif ooal'gas In tol»on>>pipe. 


{)owdered coal in the 
Ixnvl, and then place 
a cap of clay over 
the bowl, so as to 
completely close it up. 
Place the bowl in the 
fire or in the Bunsen 
flame. Sooi^ there ap- 
pears a stream of smoke 
from the « mouthpiece 


ot^ the pipe. What is happening? Is the ogal 
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burning ? No. It is being (lecoin[H)sed by the heat, 
and the vapours issuing from the mouthpioco re- 
present ^the volatile fK>rtion of the coal. Apply ii 
light to the .smoko, and note that it burns witli a 
smoky flame. It is coal-gas in a vigy impure state 
that is burning, and our experiment has taught us 

how coal-gas is made from coal- namely, by heating 

it away from air; such a iiK^tlusl of decomposition 
being known as destructivo distillation. What is tlu^ 
difference between heating coal in this way and 
burning it ( 

Now pjvss the impure coal-gas through a U-tnls' 
containing water, and again burn it. OWrve that 
it burns much better, the flame being brighter and 
h?ss smoky. Notice also that tlie wabn* has Ik^coiiio 
black ill eonsetjmmce of the impurities that have be<»n 
separated from the gas in its passiige through the* 
wa^er. This black substance is coal-tar, from which 
, bright colouring .substances (aniline dyes), a kiinl of 
sugar, and many other important sul)stiinces, are 
obtained. This is one of the operations in pr<x;i‘SH 
at the gas works, where not only has tin* gas to Iks 
produced by the de.structive distillation of the coal, 
but the gas has also to ls5 very carefully purifi<*d, or 
there would l)e much annoyance and even danger in 
burning it in our house.s. 

When the# evolution of gas has ceased, take the 
bowl and examine its contents. These are no longer 
coal, but, as you will readily gm^, coke. And now 
you will understand why the gas inanufacturer is a 
buyer of coal but a seller of coke. 

2. Burn«a jet of coal-gas from an ordiiiaty gas 
burner in a large bell jar. You can easily do this by 
(um . 0 
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fitting one end of some rubber tubing on to the burner, 
and a piece of glass drawn out to a jet on the other end, 
as in the accompanying sketch. 
Soon some drops of a liquid 
will collect, and after a time 
you will have sufficient for the 
next experiment, which is to 
boil the liquid that results and 
to take its boiling point. This 
will l)e found to be the boiling 
point of water, for the simple 
reason that the liquid is water, 
which can be further proved 
by freezing a portion of it 

Fig. 20.-.watw produced by R inixturc of ICC and salt, 

burning coai-gM. Tluis we have proved that 

one of the products of the combustion of coal-gas 
is water. 

3. Burn the same jet for some time over some 
lime-water in a bell jar, and shake up the lime- 
water from time to time, until at last it becomes 
milky, proving that from the combustion of coal- 
gas there results also carbon dioxide — the same gas 
as was given off in yeast fermentation, and when the 
acid contained in ^king powder was made to act 
upon the carbonate, also contained therein, by the 
addition of water to the powder. It will be a very 
useful exercise to compare the gas obtained in these 
three ways, and to show that it is one and the same. 

Goal: its Pvodnetion and diief Vaileliaa — Coal ia gen- 
erally found in beds varying in thickness iiom a few 
inches to several feet, and extending over wide arena 
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Underneath the coal bed lies a layer of clay, called 
the underclay, in which are found roots and rootlets 
in sufRoient quantity to make it impossible to doubt 
that the coal above them is 


the remains of |incient vege- 
tation of which they forimMl 
the roots. Indeed, in some 
cases, not only have ro<)ts 
l)een found, but also the 
trunks themselves — upright 
and embedded in the clay 
wherein, thousands of yeai*s 
ago, they grew and multiplie<l 
at so rapid a rate as to prove 



FIr. 27.~ f*o»l under the 
mivroicoiie. 


conclusively that the conditions under which this 


vegetation was formed must have been exceedingly 
favourable. It is IjcHeved that the vegetation which 


is ^low represented by the coal clejX>Hits grew in 



Fff. SS.— Ttn tmnlui In eoal M. 


manhy areas, at on the shores of lakes and seas, in 
very hot alimatea Fnrthemiore, the plants them* 
sahres were very different from those now to be found 
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in forests. They consisted of flowerless plants, such 
as ferns and club-mosses, not, however, the dwarfs 
that we have with us, but immense specimens rising a 
hundred feet or more above the ground. 

How Goal was formed. — The wood^ under the con- 
ditions of heat and pressure spoken of, lost its gaseous 
constituents, and became more and more mineral-like 
in nature, until at last coal resulted. The table given 
below illustrates the gradual mineralization of wood 
into coal, and so into graphite or plumbago. 


HlllMtAIKrtf. 

Wood 

Poat 

Lliriiita 

Coin mull (or bitu* 

iiilnout c<Mil) 

AiitlirKcite 

I Craphttc 

Various Kinds of Goal — These, again, illustrate the 
proce.ss of mineralization, as we have, on the one hand, 
lignite, in which the woo<ly nature is conspicuous, and, 
on the other, anthracite, in which there is no trace of 
vegetable origin, and w’hieh does not soil the fingers 
when it is touched. 

Other Products of the Decomposition of GoaL — Pitch, 
asphalt, and petroleum or rock oil are other products 
of the decomposition of coal. Beneath the famous 
pitch lake in Trinidad is a coal-field, from the coal of 
which, by the action of subterranean heat, the pitch is 
derived. • 

Petroleum was at one time derived from bitumin- 
ous sliale by distillation; but the discovery of oil 
springs in Canada in 1861, and later in the deposits 


HppriHt* 

Itrnvlty. 

i'lirlioii |)i‘r 

i-elit. 

ilytlntiint |mt 

IVIlt. 

ilxyKvii niiil 
Nitriiiri*ii pi>r 
c«»t. 


fiO 

0 

44 


50 

0 

:i 8 

1*04 

08 

5 

27 

rs 

80 

5 

0 

l-.'i 

IKl 

» 

4 

rr* 

100 

-• 

... 
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\i Baku in Russia, and elsewhere, provided the world 
with an efficient and cheap illuiiiinant, which, how- 
ever, sljould be carefully purified so jus to have a hi^h 
and iiot a low flash point, lus is too coininoiily the 
cjuse with cheap oils. . 

The Goal Fire. — From what luis preceded, the 
student ought now to clearly undersbiiul that the 
heat from a tire is due to the combination of the coal 
with the oxygen of the air, and that the chief pr<KlucU 
of the combustion are water and carlK)n dioxidt\ At 
the lx)ttom of the grate, where there is abundance of 
air, the carbon is 
completely oxi- 
dised to the di- 
oxide (CO2). In 
the interior of the 
tire we luive red- 
hot carbon, which 
breaks some of the 
CJirlx)!! dioxide up 
into carlx^n mon- 
oxide (CO). This CMI fire, 

is an inflammable gas, that burns with a blue flame 
— the familiar blue flame that is so frefjueiitly U) Ixi 
seen playing abyut the top of a clear Are. In this 
buniiiig the carbon monoxide Ijccomes again carl)on 
dioxide (COJ. 

In making a tire we take care to pack the coal and 
the wood very loosely together. Why ? Both wood 
and coal {pust Iks dry. Why ? If the fire docs not 
bum brightly we stir it up. Why ? Or we partly 
cover up mouth of the chimney. Why ? Or we 
open the door or the window. Why ? The fire bums 
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badly both when the chimney is clogged with soot 
and when the space below the grate is filled up with 
ashes. Why ? What is soot ? and why ,does it 
represent great and deplorable waste ? 



IX. CANDLE AND GAS FLAMES. 

Practical Work. 

1. Let us examine the flame of a candle or gas jet 
In the first place, insert a piece of glass tubing in the 
dark portion of the interior of the 
flame, and apply a light to the end 
of the tube remote from the flame. 
The appearance of a flame at this 
end is a sure proof of the fact that 
the dark portion of the flame consists 
of unburnt gas — unbunit for the 
simple reason that the temperature 
in this portion of the flame is too low 
Fig.3o.-Vnburnti^ {qj. coiiibustion of the gas to be 
flame. Carried on ; besides, the supply of air 

is almost nil, which again makes combustion im- 
possible. 

Next take a piece of platinum wi|^, which is to be 
placed so that it just touches the flame. Notice that 
as soon as the wire goes beyond the qjuter shell or 
mantle of the flame it goes from a white beat to a 
red heat. Notice also that this outer shell or mantle 
gives hardly any light The remainder of i^e flame 
emits a yellowish-white light and it is evident «that 
to this portion of the flame is due the ittuminating 
effect produced. 
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BzplaaatioiL — ^The outer shell or mantle of great heat 
and no light worth mentioning is called the noa-lumi- 
nons so^e. Here the temperature of combustion has 
been reached, and the air which surrounds it on all 
sides furnishes ay abundant supply of 4)xygen. Under 
these conditions it will 1)e readily undersbKKl that 
here is complete combustion, and therefore the maxi- 
mum of heat, for heat is the direct result of chemical 
combination, under which, tm Ix^fore statiul, combustion 
is included. 

To understand why there is no light, we will return 
to the luminous zone. Here the giLs has l)cen heated 
to the temperature of combustion, but, owing to an 
incomplete supply of air, the combustion is incom- 
plete, and solid particles of unburnt carlx)n 
resulting fi*om the break-up of some of the 
gjiH are in existence. These are rai8e<l to 
a ^hite heat by the combustion of a ]K)rtion 
of the gas, and it is to the incandescence of 
these unbumt particles of carbon that the 
luminosity of the flame is due. As there 
are none of these unburnt particles in the 
outer zone, these considerations account also 
for the non-luminosity of the outer zone. 

• 

The Three* Zones. — It will thus be seen 
that a candle or gas flame may be divided 
into three zones, which severally are — (1) 
the darkezone of no combustion, (2) the 
lummouB zone' of^ incomplete combustion, 
and (3) Ihe non-luminous zone of com- qm 
tflete combustion. 




13G 


CANDLE AND QAS FLAMES. 


The only difference between a candle flame and a gas 
flame consistn in the fact that whereas in the latter 
case the gas is supplied to the burner ready {or com- 
bustion, in the former cjise the solid candle has to be 
melted and gasified in order to supply the gas re- 
(juired. 

The Bunsen Burner. — The zone of unburnt gas is 
imburnt simply for lack of oxygen. If the air is 

made to mingle 
with that gas, 
Jjl then the condi- 

tions inside the 
flame are similar 
to those out- 

Fig. 3a. coin- 

Sectlon of Buniien burner, COinbus- 

tion, with the prixluction of much heat but little light, 
results. Examine a Bunsen burner. Unscrew ^the 
bnuss tulxj, and notice the jet inside. Turn on the 
gas and light the burner, and observe that you have 
an oi-dinary luminous flame with the three character- 
istic zone.s. Screw on the brass tube, and again turn 
on the gjis, and then light it. The flame now is 
non-luininous and very liot. Why ? Simply because 
the air ptisses through the hole at the bottom of the 
tube and mingles with the gas, so that upon the 
application of the light there is a sufiSoiency of oxy- 
gen to ensure complete combustion. 

Apidication. — Wherever, tis in cooking, great heat 
is wanted and no light, an atmospheric burner, wdiich 
is simply a more or less modified Bunsen burner, is 
employed. Examine the burner of a ga» stove and 
see that this is so, and remember that in using a 



rig. 32. 

Ilunson burnor. 
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cooking stove it is of great iniix>rtiuice that an ade- 
quate supply of air be provided for, ho that none of 

the holes for this 
puiqxxse should 
Jml? allowed to 
bltwked up. 
In an inean- 
Fig. 34.-cookiiig atovo. descent burner 

the mantle is composed of a substance something like 
lime, that may be readily made whitt; hot, or incan- 
descent, without risk of combustion, just like the 
platinum wire used in E.Kperiinent l,p. 134, and like 
the lime used in the proiluction of the so-called lime- 
light. By this means a white light is producetl, which 
is much more suitable for illumination pnriK>ses than 
the yellow light of the ordinary gas burner. 

Phactical Work. 

2. Tlie Qasallcr. — Take a gastilier to pieces, and 
observe the peculiar 
contrivance for lengtli- 
ening the gas tu>>e 
without allowing the 
gas to e.scape. The 
outer tube is ^filled 
with water, in order 
to prevent Ijie escape 
of gas when the tube 
is lengthened to lower 
the lights 

3» Why Oas £z- 
]4odas. — f'ill a gas 
jar with coal-gas by 
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displacement of water, as formerly explained, and 
apply a light to it. Notice that it bums quietly, with 
little or no explosive effect. Next let the gas flow 
into the jar for a short time, so that the jar shall 
be filled with at. mixture of gas and air ; light this, 
and notice that it explodes. Consider the difference 
between the two experiments. In the first case, the 
coal-gas and the oxygen can only combine at the 
mouth of the jar, as there is no oxygen in the body 
of the gas itself. In the second case, there is oxygen 
mixed with the coal-gas throughout its whole volume, 
so that, immediately upon the application of the light, 
combination takes place everywhere throughout the 
mass of the gas, and it is this simultaneous combi- 
nation with its concomitant expansion that causes the 
explosion. 

Application to Gas Escapea — When there is an 
escape of gas, every molecule of the gas has near it 
the oxygen with which it can so easily combine 
when the temperature is raised suflSciently high. 
Hence, when the stupid searcher after the place of 
escape is looking for it with a light in hand, an ex- 
plosion is bound to take place. The proper thing to 
do when there is an escape of gas is to throw open 

windo^ys and doors, so 
that, by the production 
of a good«.draught, the 
gas collated ma3ii be 
carried off. At the 
same time • the gas 
Fig. 38 .-coai-gumftiii. should be turned off at 

the meter, and, supposing the escape to be a slight one 
not easily apparent to the eye, a plumber should be 
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sent for to discover the place of leakage. Should 
the leak be discovered, then a temporary closure 
may brought about by using putty, dough, or 
white lead. 

The Gas Metw. — ^By causing the ^as to impinge 
upon light, easily-turned wheels before its ptissage 
into the burner, the number of revolutions of such 
wheels may be used as a measure of the volume of 
gas used. This is the principle of the gas meter, 
which, is provided with three sets of dials connected 
with the wheels, the first of which records hundreds 
of feet, the second thousands of feet, the third hun- 
dreds of thousands of feet. The dials, which are 
placed on the outside of the meter, since they are 
connected with the wheels, record the volume of the 
gas passing through the meter. 

How the Meter Works. — We must first understand 
th^ construction of the meter. Suppose you are 
• looking at the meter from the front face that carries 
the dials, as in Fig. 37, where a portion of the front 
face, however, has been removed. Running right 
across the meter, parallel to the bottom, and at right 
angles to the front face at which we are looking, is 
a plate E, which divides the meter into two chambers, 
an upper and lower. The upper chamber carries 
a valve box H, which we shall discuss separately. 

The lower^hamber is subdivided into two parts by 
the <plate B, which is parallel to the front face at 
which we are looking. 

Attached to this plate are two bellows, G one 
in each of the lower chambers. There are thus four 
cavities in* the lower portion of the meter — namely, 
the two bellows, C C^ and the remaining parts of the 
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two lower Hubdi visions that are not occupied by the 
bellows ; these are marked A in our diagram. 

The Valves. — The valves are two in number, 1 
Each works over three openings communicating re- 
spectively with o the interior of the bellows, C or C^, 
the exterior of the bellows, A or A^ and the channels, 
N or leading to the outlet, O. 



Fig. 37.— Interior of gM meter. 

e 

Let us suppose that the bellows are charged with 
gas, and that the gas is flowing into the meter by 
way of the inlet J. The stream passes int<^the chan- 
nel K, thix>ugh the passage L, into the valve-box 
whence it goes by way of the proper valvular pas- 
sage into the exterior bellows-cavity A. Here it 
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presses upon the bellows, and causes the gas in C 
to pass out by way of the exhaust hole P into the 
channel N, and so out of the meter into the service 
pipes, by O. The diaphragm D, in moving, turns the 
wire T, to whicl^ it is hinged, a quarter of a rotation. 
This movement of D closes the ingress to A, and 
opens the passage into A^, whereby the bellows is 
exhausted, the gas passing through into O as 
before, another quarter turn, this time of T^ being 
brought about. The valve, by this movement of D\ has 
caused the opening into C to be freed, and the g«is 
passes from H into C and distends this bellows, the 
gas being forced out of A into O by the distention, 
and another quarter turn of T is brought alx)ut. 
Moreover, the action of the valve has by this time 
opened the pas.sage into C^, and the process is again 
repeated, and another quarter turn registered corre- 
sponding to the pas.sage of the gas from A^ into O. 
This process of tilling A A\ C C*, with the conse- 
quent turns of the valve spindle, is continued, and the 
turns are by a somewhat complicated arrangement 
communicated to the clockwork registering gear. 

It will be noticed that the movement of the dials 
is controlled exactly by the movement of the bellows ; 
and the size o^ these is so arranged that a cubic 
foot of gas in escaping .shall cause the index of the 
outermost dial to go once round the dial, and so a 
strict account of the gas passing out of O is kept. 

To read the Meter. — The figures on the left-hand 
dial stand for tens of thousands, those in the middle 
dial* for thousands, and those on the right-hand dial 
for hundreds of cubic feet. To read the index, put 
down the figure next behind the pointer on each dial. 
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and add two ciphers. In this way we see that the 
meter index in Fig. 38 records 16,700 cubic feet of 
gas. It is to be noted that the index-hand^ of the 
middle dial moves in a direction opposite to that in 
which the hands of a watch move, w,hereas the hands 
of the other two dials move in the same direction as 
the hands of a watch. If at the next examination 
the record is 18,300 cubic feet, then by subtraction it 



is eviijient that 1,600 cubic feet of gas have passed 
through tlio meter in the interval. 

The student should read the meter before and a^r 
the lighting of the gas as frequently as possibly until 
the system of recoi'd is thoroughly grasped. 

It will be a very useful experiment to ascertain the 
amount of gas, the amount of coal, and the amount of 
oil used ip cooking my a leg of mutton, and so to 
calculate the relative cost of these three difterent 
ways of cooking. 


o 



part m 


I. WATfiB. 

The most important of all substanceB to man in water. 
The shipwrecked mariner and the explorer of the 
desert both feel most a-cntely the lack of fresh water. 
No pang is more excruciating than that of thirst. 
The reason for this is not difficult to find, for it is 
weH known that two-thirds of the human body consists 
• of wate^. Or, to put it more clearly, let us take an 
average man. His weight is 11 stones, or 154 lbs., 
which is made up as follows ; — 

(а) Dry, solid matter 45 lbs. 

(б) Water 109 lbs. 

Again, let us takg the blood. Here of water we have 
more than three-ejuarters, for of every liundred parts 
by weight qf blood, no less than seventy-nine are 
water. 

Now this water is constantly being drawn upon as 
long as wf are alive. Persplratliiii by way of the skin, 
nxlne.by way of the kidneys, and mdsture by way of 
the. lungs ognetantly make the percentage of water in 
the l^y less, and therefore the need for taking in 
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water is one that must be satisfied. Thus water is a 
food, and of all foods it is the most important. 

Practical Work. 

1. The OompQsition of Water. — Place some water in 
a bowl, and in this invert a gas jar also tilled with 
water. Get some thin copper wire, and wind it round 
a piece of sodium not larger than a good-sized pea. 
Make the coils of the wire too fine for the piece of 
sodium to escape from. Throw the sodium into the 
water, and place tlie jar over the sodium, keeping the 

mouth of the jar under the 
water, but not on the bottom 
of the bowl. Bubbles of a 
gas paas up the jar and dis- 
place the water. It will be 
noticed that this gas is invis- 
ible, and of course it is insol- 
uble in water, or it would not 
pass up the jar. Take out the 

Preparation of hydrogen jRI*> and, holding the jar mOUth 

by meansofacHiiuiii. downwards, place a lighted 
taper into it. The taper is extinguished, but the 
gas burns with a very pale blue flame, so faint that 
it is usually described as non-lunpnous. The gas 
that behaves in this manner is hydrogen, and our 
experiment has taught us that water , contains hy- 
drogen. 

We will spend a little time in examining this con- 
stituent of water. ^ 

2. A Better Way of j^paring Hydrogen. — Fit up 
a flask with a well-fitting cork in whicl^ are bored 
two holes, the one to carry a thistle funnel, the 
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other a leading tube, as in the diagram. By means 
of rubber tubing connect the leading tube with glass 

tubing that 
passes under 
a Ijeehive shelf 
in a trough of 
water. Before 
corking put 
some granu- 
lated zinc in 
the flask. Fill 
a gas jar with 
water, and 
place it in- 
verted on the 
beehive shelf. 
Finally, pour 
some spirit of salt (hydrochloric acid) down the thistle 
fufinel, and at once a 
gas will be evolved and 
will displace the water , 
in the gas jar. Upon 
examination the gas 
will be found to behave 
exactly as that obtained 
from water by means of 
sodium. It^is hydrogen, 
which has been obtained 
from the acid by the 
agency ^f the metal 
zinc. The same result 
would follow if we were to substitute other metals 
for zinc, and other acids for hydrochloric, for it 
(i.nm) 10 



9 



Fig. 2.— Preparation of hydrogen from autphuiic acid by 
means of sine. 
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is a general law that metals displace hydrogen from 
acids. * 

Take a jar filled with hydrogen, and on the^ top of 
it place another gas jar. After a time apply a light 

to each of the jars. 
It will be found that 
the lower jar in which 
the hydrogen was 
collected is now 
empty of hydrogen, 
and that the gas 
has passed into the 
upper jar. Why ? 
Simply because it is 
lighter ‘than air. A 
very pretty way of 
demonstrating the 
Pig. 4.-™!ngiWioon with hydrogen fM. extreme Hghtness of 

hydrogen is to charge a balloon made of very light 
material with the gas (a collodion balloon is best), 
and to notice how speedily it rises through the air. 

3. Hydrogen is the lightest body known, and is 
therefore well suited for filling balloons. In place 
of the bent tube that passes under the beehive 
shelf, put a piece of tube narrowed off to form 
a jet Let the evolution of hydrogen proceed 
for some time, until a portion of tjiie hydrogen 
collected in a test tube bums quietly. This will 
occur when the apparatus is free from air; for a 
mixture of air and hydrogen explodes wh(^ ignited, 
whereas pure hydrogen bums quietly. Now ignite 
the jet of hydrogen, and let it impinge upon a flask 
filled with cold water. Drops of a liquid will be 
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seen to fall and to collect in a beaker placed below 
for their reception. Sufficient of this Ifquid should 



Fig. IS.— W»ter produced by burning hydrogen In nir. 

by this means be collected for an examination of the 
boiling and freezing points to be possible. When this 
has been done, it will 
be found that the 
limiid boils at 100® C. 

(212® F.), and that it 
freezes at 0® C.(32® F.) 

— ^that is, it has the 
same boiling point 
and freezing point as 
water. It is water, 
and how has it Jbeen 
formed? By the burn- 
ing of hydiQQgen in 
air. But burning is 
chemical combination, 
and the ^tive part 

of air— namely, oxy- Fig. a— ii6eompotitioQorw»terbyin««iitof 

gen — is th^body with eiccwcity. 

whidi the hydrogen combines, so that we may infer from 
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this simple experiment that water is a compound of 
oxygen and liydrogen. There are other more accurate 
ways of proving this. Thus, if a current of electricity 
is passed through water, the water is decomposed into 
oxygen and hydrogen, there being t^ice the bulk of 
the latter than of the former ; and again, if we pass 
a stream of hydrogen over heated copper oxide, the 
hydrogen will combine with the oxygen of the oxide, 
and water will be formed. This may be collected and 



Fig. 7.<-DumM’s apparatus for showing that water consists of eight parts 
bj weight of oxygen, and one part by weight of hydrogen. 


weighed, and the copper oxide may be weighed before 
and after the experiment. By the^e weighings we 
know (1) the weight of water produced, and (2) the 
weight of oxygen used. Subtracting the weight of 
oxygen from the weight of water, we arrive at the 
weight of hydrogen with which the oxygen combined, 
and so we are able to state that the oxygen^in water 
is eight times as heavy as the hydrogen. But these 
experiments we need not perform now, cBs it will 
suffice for our purpose that the student diould dearly 
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understand that water is a compound of oxygen and 
hydrogen, as is shown by the fact that when 
hydrogen burns in oxygen (or air) water is formed. 

4. The Oxy-hydrogen Flame. — Take a snuill lump of 
lime, and hold ^t by means of crucible tongs in the 
flame of burning hydrogen produced as in the last 
experiment. Notice that the lime becomes white hot 
or incandescent, and, considering the amount heated, 
gives a very brilliant light. This is the principle of 
the limelight, to produce which a disc of lime is placed 
in the flame of burning hydrogen, which by heating 



the lime to incandescence, causes it to emit the brilliant 
light called on this account the limelight. 

5. Using the^same jet as in Experiment 8, p. 146, 
send a stream of coal-gas through it and bum this, 
the dame impinging on the cool Hask as before. What 
do we observe ? That drops of water fall as before, the 
only difference being that the dask becomes coated 
with a ]§.yer of soot or carbon. We may believe 
thei> that coal-gas contains hydrogen together with 
carbon, ami that when it bums water is produced. 
Coal-gas indeed is a mixtinrs of hydsoeafboiis — that is. 
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bodies composed of hydrogen and carbon only. If we'^ 
add to this that the amount of hydrogen present is 
veiy great, we may define coal-gas as a mi^y^ure of 
hydrocarbon very rich in hydrogen, from which it will 
be easy to unden»tand that when coal^as bums, water 
and carbon dioxide are formed, as has already been 
proved. 

Water in Organic Bodies. — We cannot very well 
weigh our own bodies, and then desiccate them — that 
is, drive out the water contained therein — and then, by 
weighing again, ascertain the proportion of water to 
solid matter. We can, however, do this with respect 
to other organic or living matter, and it will be a very 
interesting and a very instructive exercise to do so. 

6. Place a weighed portion of any of the following 
substances in a drying oven — a water oven will be 

best — and apply 
heat, taking care, 
however, that the 
temperature does 
not get sufficiently 
high to prevent the 
moisture from being 
driven from the 
in^rior of the 
substance. Weigh 
again gnd again, re- 
cording the weights 
thus ascertained in 
your laboratory book. It will be found thai^the same 
lesson is to be learned in each case, the only diffevence 
being in the amount of water present. The following 
table gives the substances to bo experimented upon. 



Fig. 9.r> Drying OTen. 
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together with the amount of water prcHcnt in one 
hundred parts by weight of the substtince ; — 


SSbatance. 

Percentage 
of Water. 

Substance. 

Percentage 
of Water. 

Lettuce 

96 

Lean Meat 

72 

Cabbage 

92 

Bread. 

40 

Apples 

83 

Cheese . .* 

34 

Fi»h 

78 

Rice 

16 

Potatoes 

76 

Butter 

10 


The Amount of Water required by each Individual — 

For each adult two quarts or five lbs. of water, in 
some form or other, are the daily retjuirement. Much 
of tiiis, of course, is taken as part of the solid food, 
as a glance at the above table will show, so that the 
amount of water actually consumed, as water, may bo 
very inconsiderable. 

' What the Water Oompanies allow. — Taking into con- 
sideration the many uses to wliich water is put — 
drinking, cooking, washing, and manufactures, it is 
calculated that a daily supply averaging twenty 
gaflons per unit of population is sufficient for all 
needs, and it is upon this assumption that the water 
companies go in fixing what should be the water 
supply of a place. 

Where Water comes from. — The original source of 
all water is, of course, the seas and oceans that take 
up more than j^hree-fourths of the earth's surface. 
Every school-girl is familiar with the fact that water 
passes up frgm the earth to the sky as^water-vaponr 
and becomes clouds or water-dust, wliich, being con- 
densed by cold again, falls to the earth as rain. This 
circulation is continuous, so that the water of the 
rivea is touring from earth to sea, from sea to 
doud, and^rom cloud to earth and sea again. ^ This 
is illustrated in the^still, with its double process of 
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evaporation and condensation, and the student will do^ 
well to again perform the experiment on page 70. 

Having now made it clear that water is^^a com- 
pound of hydrogen and oxygen, wo will proceed with 
our examinationif ^ 

7. Fit up a can with a leading tube, and fill it 
with water, letting the leading tube dip under a bee- 
hive shelf, upon which is placed an inverted gas jar 
filled with water, as in the collection of hydrogen. 



Proceed to heat the flask, and observe that bubbles of 
gas collect in the jar. Where do they come from, and 
what are they ? They are bubbles pf air, and they 
have been driven from the water by heat It is 
most essential that there should be air in the water 
we drink, for otherwise it would ta.ste flat and insipid, 
as may be at once proved by drinking sqjne of the 
water fvoln which the air has been expelled. • 

Onf board ship, where now most of the ^ater used 
is obtained by the distillation of sea-water, the water 
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thus obtained is aerated — that is, charged with air — 
by running through the perforated bottom of one 
V)arreb.i|lto another, during which time it takes up the 
small amount of air that is necessary to make it taste 
pleasant. , • 


XL HARD AND SOFT WATERS. 

Practical Work. 

1. Fill an evaporating dish with ordinary tap water, 
and proceed to evaporate the water to dryness by 
heating it over a Bunsen burner or a spirit-lamp. 
Observe the sediment that settles at the bottom. This 
represents the solid matter that was dissolved in the 
clear, sparkling water. 

2. Prepare some lime-water by slaking a piece of 
qu^klime in water, and then pouring off the clear 

• liquid after the lime has settled. 

Fit up the apparatas shown in 
Fig. 1 1 for the preparation of 
carbon dioxide, and proceed to 
pass a stream of carbon dioxide 
into the clear lime-water. Ob- 
serve that thisk latter becomes 
milky or turbid. This is because 
chalk has keen formed by the 
union of the lime and the carbon 
dioxide, and chalk is insoluble in 
water. # 

Let the sti^m of carbon dioxide continue to flow 
into the turbid liquid. This after a time becomes 
quite clear, for although water by itself cannot dissolve 



Fig. 11.— Pniiliig cuton 
dioilde Into llme-wnUir. 
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chalk or limestone (they are both the same substance 
chemically), water charged with carbon dioxide can do 
this readily. ^ 

Application to Ordinary Water. — Water in its passage 
from the clouds to the earth as rjstin dissolves the 
carbon dioxide that is always present in the atmos- 
phere. This water, when it falls upon the earth, is 
at once absorbed by the soil, whitdt accounts for the 
rapid disappearance of rain puddles after the rain has 
ceased. If the water in its underground passage 
comes intp contact with limestone or chalk rocks, as 
is very commonly the case, for chalk and limestone 
are very widely distributed, the water charged with 
carbon dioxide can do what we saw it do in the 
latter part of our experiment — namely, dissolve some 
of the chalk or limestone, and keep it in solution 
so long as it is charged with carbon dioxide. Hence 
when the clear, sparkling water later on bubbles put 
on a hillside as a spring, it contains quantities of 
chalk in solution. 

3. Take now some of the clarified lime-water and 
heat it in a beaker. Soon the water again becomes 
cloudy, and the chalky is no longer held in solution. 
Why is this ? The water upon being boiled yields 
up its carbon dioxide, just as, in Experiment 7, p. 152, 
it gave up its air, it being the rule t^t liquids when 
heated cannot hold gases in solution tc as great an 
extent as they can when cold. On losing its carbon 
dioxide, the water also loses its power of dissolving 
chalk and limestone, which bodies are thepefore pre- 
cipitated* from solution, and lienee the mtirkiness of 
the water. • 

The Fur of the Kettle and the Scale of the Boiler. — 
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This little experiment will enable us to clearly under- 
stand the formation of the layer of earthy substance 
upon tl^e inside of kettles and boilei*s. Limestone 
is the* commonest substance found in solution in 
spring and tap waters; and, as alreidy stated, this 
substance is only held in solution by the water and 
the carbon dioxide dissolved therein. Upon boiling, 
the carbon dioxide^ris driven out, and the limestone 
is deposited as scale or fur. 

4. Examination of Kettle Fur. — Place a portion of 
the fur of a kettle in a flask fitted with a thistle 
funnel and leading tube which passes into a vessel 
containing lime-water. Upon pouring some spirit of 
salt down the funnel, effervescence at once begins, 
proving that a gas is given off‘ and the lime-water 
soon turns milky, • showing that the gas is carbon 
dioxide. We see then that the fur inside the kettle 
bel^aves exactly as do limestone and chalk ; and no 

« wonder, seeing that it is the same substance. 

5. Take two specimens, the one of rain and the 

other of spring water. Which is the purer of the 
two ? With which can you most easily wash ? Why 
is this ? It is because soap produces a lather much 
more quickly and much more readily in rain water 
than in spring prove this, make a soap 

solution by takijig 10 grams of Castile soap and dis- 
solving it ia 400 C.C. of methylated spirit, adding 
after solution 100 c.c. of distilled water. Now pour 
this soap solution into each of the two specimens of 
water unt^l a permanent lather results, measure the 
quantity used in each case, and record this* in your 
note-book. • 

The reason why more solution is required, for the 
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spring water than for the rain water is that the soap 
combines with the matter held in solution, and tlie 
result is the production of a new body whiqji is not 
soap, so that, as far as washing is concerned, this 
amount of soap is lost. As there ^ is practically no 
dissolved matter in rain water, the whole of the soap 
used is available for cleansing purposes. 

Application to the Laundry. — ^It is very ^ apparent 
that if two women proceed to wash, the one with 
spring and the other with rain water, the former 
will need much more soap than the latter, whose 
washing will therefore be done at less cost than is 
incurred by the foraier ; hence the necessity for some 
cheap way of getting rid of the dissolved matter. 

Hard and Soft Waters. — Spring water is called hard 
water, rain water is called soft, for the simple reason 
that the former feels much harsher or harder when 
an attempt is made to wash in it than the former. 
To soften water, then, is to get rid of the dissolved , 
matter. We have seen that this can be done (1) by 
boiling; (2) by the addition of soap. We will how 
proceed to show a third way, which is much in use 
in the south of England, where chalk is always con- 
tained in the water. 

6. Take a specimen of water con^ning chalk dis-^ 
solved in it. If the water of your district does not 
contain chalk or limestone, then proceftcl; to maks Some 
artificial hard water, as in Experiment 2, 153^ 

Divide this into two parts, and proceed at once 
the hardness of one part by means of soap soliitiOh. 
To the dther half add some quicklime^ and alters the 
si^gpended matter has settled down, poiir oS the clear 
lUjuid, and again test with soap solution. Why is 
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fees required than at first ? Simply because the lime 
has softened the water by combining with some of 
the carl^n dioxide. We may then give three ways of 
softeniflg hard water — (1) boiling, (2) soaping, (3) liming, 
the second being, jaf course, the most OKpensive. 

Other dissolved Matters besides Ohalk and Limestone, 
^-^o far we have spoken as tiiough tlie only matter 
dissolved in hard water was chalk or limestone. This, 
as might be expected, is very far from being the case. 
Water. is often described os the universal solvent, so 
many are the substances dissolved by it.* But the 
softening of water containing matters other than 
chalk in ablution is generally brought about by the 
agency of soap, boiling and the addition of lime 
having no softening effect. In consequence of this, 
we speak of two kinds of hardness — (1) temporary, due 
to chalk or limestone, which can be remedied by 
boi^ng or by the addition of lime; (2) permanent, 
• due to other substances, of which calcium sulphate 
is the most common, which cannot be softened either 
by boiling or by the addition of lime. For drinking 
purposes the presence of a small quantity of these 
mineral matters does not do any harm ; indeed, 
sometimes the effect, in place of being harmful, is 
^positively benefiqial, as in the case of the medicinal 
spdnggi But there is one kind of impurity the 
seriowness o( which cannot well be overrated, and 
|bat is sewage matter. Water polluted by sewage 
lu^ pleasing to the eye and in no way offensive 
io the smell. Cholera and typhoid fever have been 
fre^pieiltly traced to contaminated water ; *and the 
first care im water provision is to see that it is 
solutely free from organic impurities. This can onfy 
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be done by extreme care in the seleetion of a supply, 
so as to ensure a water that has run no chances of 
pollution. Thus, in the case of . Londqn, th^ water 
companies taking water from the Thames ^ well 
above the metrepoUs>|md its environs. For instance, 
the Lambeth Company gets its silpply from Thames 
Ditton. * - 4 

: Filters and Filtration. — On a large scale water is 
filtered through beds of sand of gravel, the water 
being poured on the bed and allowed to"^ percolate 
slowly through the gravel or sand, whereby a double 
purpose is served, particles held in suspension being 
separated in the percolation at the same time that 
the oxygen in the pores of the filtering sand rende^ 
harmless any organic matter that may be in the wAter, 



by bxidizing it. Care is taken to use the beds only^ 

for a time, so that the air 
used up may be replaced^ to 
the end that the oxidation 
may not be stopped. 

7. To illustrate filtration, 
put some animal charcoal 
in a' filter funnel, and pour 
on it some water is^iilbiin- 
ing matter in suspension. 
The suspended matter does* 
not find its way through. 
To illustrate purii^tion by 
pif. isL-FiitmUon tiiwmgh^ filtration, pass a solutidn 
****'®®^ of ooarse> brown •sugar OfT 

treacle tlftpugh the charcoal, and note that it is de- 
colorized., • 


Domestic Filten.-T-rThese are made d animal char- 
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ooaI, of silicated vcarbon, or of spongy iron. Care 
must be taken to give the filter a rest, as it were, 
in order ^hat a supply of pure 
air maijr be always present 
in the pores of the filler. If 
animal charcoal is used, it 
m^jpt -not be of inferior 
quality. 

' It is always ad^sablo to 
boil wqte^'.yrhenever there is wg. is.-iiiower.poi mtw. 
the least suspicion of pollution. To aerate boiled 
water it is only necessary to pour it several times 
fr^ One vessel to another. 



m. AOIOS AKD ALKALIS. 

• Practical Work. 

1. Adda. — Examine specimens of vinegar^ spirit 
of salt, vitriol, aqua fortis (nitric acid), tartaric acid, 
citric acid, and oxalic acid. Taste them, making a 
very dilute solution of the second, third, and fourth, 
in ordor^to do this safely. They are all sour. Take 
a f^w strips of bljjie litmus paper or some solution of 
blue litmus, an^ try the effect of all the acids upon 
the litmus, jiie blue becomes red. (Compare with 
this the aiStion of vinegar upon the blue pickled cab- 
bage. Test the three first with zinc, iron, or mag- 
lil^in. l^ervescence takes plac4 proving that a gas 
is evolved, which, if the thumb is placed ,.dver the 
test-tube until a sufficient quantity has collected, 
fnaj^: be made to bum just as hydrogen did. It is 
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hydrogen, and this property of ^(ielding hydrogen 
when acted upon by metals is chaih^cteristic of all 
acids, although it is not always so easy of demonstra- 
tion as in the cases we have chosen. ' o 

2. Procure some solution of ammonia or of caustic 
potash or soda, and having taken a solution of one or 
more of the acids, proceed to pour into it a solu^pn 
of blue litmus, which immediately is coloui*ed red. 
Now carefully pour into the acid some of the ammonia 
or caustic alkali solution until the red just begins to 
turn blue. The acid has been neutralized, and* this 
also is characteristic of all acids that they may be 
neutralized by alkalis. We have already learned 
that acids decompose carbonates, and set free carbon 
dioxide, so that we may now sa^^ that acids are sour ; 
that they all contain hydrogen^ which may be displaced 
by a metal ; that they are neutralized— that is, made 
to lose their acidic properties — ^by alkalis; and that 
they decompose carbonates. It is to be observed 
that amongst our specimens are gaseous acids, such 
as spirit of salt, or hydrochloric acid, Uunid acids, 
as vitriol, and solid acids, as tartaric acid ; so that 
the state or condition — that is, whether the body is 
a gas, a liquid, or a solid — has nothing whatever to 
do with the acidic properties. ^ 

Acids are corrosive. — Most of the acids are cor- 
rosive in their action. This is especially the case 
with vitriol, aqua fortis, and spirit of salt. Vitriol 
bums holes in cliches, destroys the tissues of the 
body, and dissolves most metals. This ig, tme, but 
in lesser degree, of the other two. Some ^ "the 
acids, such as oxalic acid and prussic acic}, are ^badl^^ 
poisons; and as many of them are exceedinglj^llMtrm- 
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ful; they should* be kept well out of the way of 
children. 

3. Aycalis. — Examine solutions of ammonia, caustic 
potashf caustic soda, and lime. Feel them, and note 
that they have a soapy feeL This is»due to the fact 
that they dissolve the skin. Make a dilute solution 
ofc the first three and a strong solution of the last, 
and wet the tip of the tongue with them. Note the 
soapy taste. Test them in the saime way as you did 
the acids, only using this time red litmus in phice of 
blue. Observe that the red Isicomos blue. 

4. Take a portion of eiich of the alK)ve solutions in 
a test tube, and pour in some red litmus solution ; then 
drop by drop pour in some acid solution until the blue 
is just turning red, when all the alkaline properties 
will have disappeared, and a new Ixwly, neither acidic 
nor alkaline, will result, as may be proved by evajx)- 
rating the solution to dryness, and testing with blue 

, and red litmus. 

5. Place some olive oil or other liquid fat in water 
in a test tube and boil. Notice that the globules of 
fat are not broken up. They simply float about like 
tlie soap bubbles in air. Now pour in some of the 
solution of alkali, and observe that the fats are bn)ken 
up and that a m^ky mixture results. 

This experiment illustrates the great use of the 
alkalis to th^ housewife, since by their aid grease 
stains may be removed from fabrics. Washing soda, 
as we shall see later, although not* a true alkali, owes 
its usefulmBss to the fact that it behaves as a power- 
fol c^ali. Thus it would break up the fat globules 
in th^ sama way as was done by ammonia and the 
caustic alkalis. 


11 
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Acid and Alkali Poisoning. — As acids and alkalis 
mutually neutralize each other, it is plain that one 
can act as an antidote to the other. For instance, 
suppose a child swallows some acid, say oxaHc, the 
first thing to do is to immediately dose the patient 
with a solution of ammonia, as the surest means of 
averting disaster. In like manner, if a liniment or 
embrocation is inadvertently swallowed by a meddle- 
some child or by anybody, recourse should immediately 
be had to the vinegar bottle, a dose of vinegar being 
capable of neutralizing some, at least, of the ill effects 
of the liniment or embrocation, both of which contain 
much ammonia. 

We have proved by our experiments that alkalis 
have a soapy taste and a soapy feel ; that they turn 
red litmus blue; that they neutralize acids; and that 
they have very usefbl cleansing properties, especially 
with respect to grease stains. 

6. Preparation of Caustic Soda. — Place in a large 
beaker a saturated solution of washing-soda, and then 
pour in some milk of lime — that is, water in which 
quicklime has been stirred — until the whole has the 
consistency of cream. Boil the mixture for some 
time, and then let it settle. Pour off the liquid that 
floats on the top of the* settled sediment, and then 
evapomte the sediment to dryness. Compai*e the pro- 
duct with the caustic soda used in formen*experiments, 
and apply to it all the tests that should be applied 
to a suspected alkali. Show that it is not a soda 
carbonate by pouring acid on a portion it, and 
observing^ that, although it effervesces because of the 
admixture of a certain portion of carbonate with it, 
it does not dissolve, as may be shown to be the case 
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with soda carboillite. The new byiy thus produced 
by the action of washing-soda on lime is caustic soda, 
one of 4he most powerful of the alkalis. Its name 
causticT is due to the fact that if it is applied to the 
skin it will burn it, so powerful is its action. It is 
used in the manufacture of soap, glass, and many 
other substances. 


IV. SOAP AND SODA. 

Practical Work. 

1. Soap. — Melt some dripping in a beaker, and mid 
about four times its v^olume of water, and boil. Add 
about twice the volume of strong caustic soda solii- 
tiou, and boil steadily, with constant stirring. Soap 
is hereby made, but of course it is dissolved in the 
waier. To get it out of solution, add al)out half the 
volume of strong brine, whereupon the soap will be 
thrown out of solution, and the impure specimen of 
hard or yellow soap may be separated by filtratioii 
and examined. If caustic potash were used, soft soap 
would be the product; and if the alkali lime were 
employed, a peculiar soap, insoluble, and called lime 
soap, would result. 

We see from this experiment that .scuip is the 
body that results from the action of an alkali upon 
a fat or oil. 

The fact that soaps are made by the action of 
alkalis is •brought very unpleasantly home to us if 
we i^ash ourselves with common soap, sucli as the 
cheap, mottled soap. The free alkali has not been 
removed, and the smarting of the face after washing 
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testifies alike to the presence of the alkali and its 
burning properties. 

Glycerine. — In speaking of the formation «of soap 
by the action of caustic alkalis on fats, we must not 
omit to mentiort' the very useful substance glycerine, 
which is produced at the same time. This cannot be 
done very easily by the student at this stage, but she 
can understand something of the process from the 
following: — Fats arc a compound of glycerine and 
fatty acids ; they are, in fact, the glycerine salts of 
these acids. When, therefore, the alkali acts upon the 
fat, as in our previous experiment, the glycerine part 
of the fat is separated, whilst the alkali combines with 
the remainder to form soap. Thus from the despised 
fat we get cleanliness-producing soap and chap-dis- 
persing glycerine. 

2. Use of Soap. — Repeat Experiment 5, page 161, 
using soap instead of alkali to break up the ,fat 
globules. Observe that the result is exactly the 
same as l)efore. 

Application to the Skin. — As we shall see later, the 
pores of the skin exude an oily substance, which 
must be removed if its healthy action is to continue. 
Washing in water will not effect the removal of this 
oily secretion, as we saw in Experiment 5, p. 1 6 1 . Soap 
is therefore needed, and by its aid the oil is broken up, 
and can readily be removed by the towel when the 
skin is wiped. The action of soap in cleansing clothes, 
floors, and utensils is exactly as in the cleansing of 
the skin, fata being broken up and mado easy of 
removal in each ease. 

Soda. — Of all substances valued by the busy house- 
wife soda takes first rank. Over two hundred 
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thousand tons oi it are produced annually in Great 
Britain, the value of this annual product being not 
less th%D two million pounds sterling. 

3. Wliat Soda is. — Take a pieoe of washing-soila 
and put it in a test tube. Pour upon it some vinegar 
or other acid, and gently tilt the 
tube, so that the gas which, lus the 
brisk effervescence shows, is coming 
off in quantity may flow into an- 
other. test tube containing lime- 
water. The lime-water becomes 
milky, showing that carbon di- 
oxide is the gas evolved. Now 
take a piece of platinum wire, or, 
if this is not available, a piece of 
steel wire, and, after dipping it 
into a solution of soda, put the 
wy’e in the Bunsen flame. Ob- 
serve the rich golden-yellow flam** 
that results. It is the flame of 
burning sodium, as may Ije proved by throwing a 
pellet of sodium in hot water. Soda then conttuns the 
metal sodium and carbon dioxide. It is hence known 
as carbonate of sodium, or soda carbonate. 

How Soda is ^lade. — We c;innot conveniently pre- 
pare soda, but we can easily give an idea of the 
manner in which it is manufactured at the alkali 
works. Sodium is very common indeed, as it is a 
constituent of the widely -distributed common salt, 
and it isb from salt that the sodium is got for the 
soda* crystals. We have already proved •that the 
widely-occurring limestone contains carbon dioxide, 
so that the two common substances, salt and lime- 
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stone, contain all that is necessary ^^to the formation 
of soda. All that is needed is to get the sodium of 
the salt and the carbon dioxide of the limestone in 
combination, and this is what is done at the alkali 
works. ^ 

4. In a test tube put a lump of common salt, and 
pour upon it some sulphuric ticid. Note the cloud 
that gathers at the mouth of the tube. This is due 
to the hydrochloric acid that comes off* in consequence 
of the action of the sulphuric acid upon the salt, 
sodium sulphate and hydrochloric acid, or spirit of 
salt, being thus formed. 

Vitriol and salt yield spirit of salt and sodium 
sulphate. This sodium sulphate is called salt cake 
by the alkali worker, and the next step in the process 
of soda-making consists in acting upon the salt cake 
with limestone, so that the carbon dioxide of the 
limestone may be transferred to the sodium, by which 
limestone and sodium sulphate yield .sodium carbonate 
and calcium sulphate. The crude soda thus formed, 
called soda ash, is dissolved and purified, and then 
allowed to crystallize out. How this is done we may 
now illustrate. 

5. Dissolve as much soda as possible in a small 
l^eaker or a test tube of boiling water. Let the mix- 
ture cool, and crystals of soda will be seen to crop, out. 
This is only a repetition of what we di4. in a former 
experiment. 

6. The Properties of Soda. — We have already seen 
that soda is readily soluble in water. Test^the solu- 
tion with«-red litmus. Boil some fat in it. Show the 
cleansing action upon grease staina Why does soda 
soften water ? Why do we put soda into the water 
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wherein we ai’e •boiling vegetables such as ciibbiigc ^ 
Because they boil more readily in soft than in hard 
water, and soda softens hard water. 

Uselj of Soda. — Besides being used for washing 
purposes and for softening water, soda is used in the 
manufacture of glass and caustic soda. In wasliing 
it must not be used injudiciously, as it has an ill 
effect upon delicate fabrics, the fibre of which it 
weakens. Coloured prints should not be washed in 
soda, on account of its action upon the dye. 

7. Observe the action of soda upon various fabrics, 
such as muslin, lace, and coloured prints. 

Wasliing Powders. — The basis of these is soda, but 
the much more injurious chloride of lime, or bleaching- 
powder, is always present ; hence, soda is much safer 
to use than washing-powder, which should be used 
with caution, as it will have a very ill effect upon 
dedicate fabrics. 

Three different things with similar names : ( 1 ) caustic 
soda, (2) washing-so(hi, (8) bread soda (scxla bicar- 
bonate). 

8. Examine specimens of these? three useful sub- 
stances, all of which we have dealt with in our course 
of lesson.s. They are all alkaline, as may be shown 
by examining them with red litmus. 

In a table enumerate the likenesses and diffei'ences 
that exist between these three common substances. 



Water. 

Heat. 

Litmus. 

Add. 1 Ums. 

CaiMtic soda. 

Wasbuig-so^ 

Bread soda 




• ! 
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9. Another Way of Making Washing-soda. — Dissolve 
as much salt as you can in a solution of ammonia, 
or ammonia hydrate, as it is more correctly called. 
Through this solution pass a current of carbon dioxide, 
prepared by the action of spirit of salt on chalk. 
Observe that a white powder begins to separate, and 
to settle at the bottom of the veasel. This is bread 
soda, or soda bicarbonate. 

10. Procure a few grains of this bicarbonate from 
the shop. (It would be too tedious to prepare it as 
above.) Heat the powder in a hard glass test tube, 
and from time to time pour the gas that is disen- 
gaged by the heat into another tube containing lime- 
water. The lime-water becomes milky, showing that 
carbon dioxide is being evolved. The residue, if dis- 
solved in water, and then allowed to crystallize out, 
will produce tlie crystalline soda carbonate used in 
washing. This is tlie more common method e,ni- 
ployed to-day in the manufacture of soda crystals, 
and, because of the ammonia used in it, is called the 
ammonia-soda process. It is very desirable that so 
necessary an aid to cleanliness as soda should be 
cheaply produced, and Solvay, to whom is due this 
cheap and simple ammonia-soda process, conferred no 
small boon upon mankind, for whicli the liousewife 
will not fail to give him full credit. 

A Twice-told Tale. — The student will* not fail to 
remember that, in speaking of bread-making and 
baking-powders, we remarked that carbonate of soda 
was a constituent thereof, and that the action of the 
powder id making the bread porous was due td the 
decomposition of the carbonate by the acid that also 
formed part of the baking-powder. The soda car- 
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bonate referred to is not the ordinary washing-soda, 
but the bicarbonate or bread soda. It is evident 
from tlje heating of this substiince why we use it in 
cakes f for when the cake is baked the lieat disengages 
the carbon dioxide, which brings about the desired 
porosity or sponginess upon which tlic lightness of 
the cake depends. 

l&Ianufacture of Bread Soda. — Bread soda is made by 
mixing together two parts of washing-soda with three 
parts. of anhydrous soda — that is, washing-soda which 
has been heated to drive oft* all the wati^r it contains. 
Carbon dioxide is passed into the mixture and ab- 
sorbed by it, and the product is the bread soda or 
bicarbonate. 

11. To Show that Washing-soda contains Water. — 

Place a piece of washing-soda in a test tul)e and ln»at 
it. Observe that it soon dissolves in the water that 
is ^ thus set free by the heat. Counterpoise a test 
tube, and within it place another piece of soda, ami 
heat carefully to dryness. Weigh again, and record 
your experiment in your laljoratory lKx>k thus — 

Weight of Hoda before drying 

II II after h 

Txjfw 


As a matter of fact, washing-soda contains more 
than half its weight of water, differing in this respect 
fix)m the bicarlx)nate, which conUiins no water at all. 
We give bctow the chemical formuhe of these two 
substances, as from these other differences in com- 
position will be apparent : — 


Washing-soda NaaCo. lOH gO. 

• Bread soda. NaHCO,. • 

It will bew seen that there is twice as much sodium 
(Na) in the former as in the latter compound. 
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The student should now ask heisielf why we use 
soda crystals for washing and not for baking, and 
why wo use bread soda for baking and pot for 
washing. ^ 


V. STAINS AND THEIB REMOVAL. 

Stains and how to remove Them. — The good house- 
wife is frequently mortified by seeing clothes, table- 
cloths, carpets, curtains, etc., rendered unsightly by 
stains of ink, of grease, of fruit, of paint, or of other 
foreign substances. To remove these is a very neces- 
sary thing to do, and the little chemistry that has 
already been given will show the way in which she 
should set to work. The great thing is to find a 
solvent for the matter that it is required to remove 
— a solvent, moreover, which will have no injurious 

effect upon the stained fabric. 

• »■ 

Practical Work. 

1. Grease Stains. — (1.) Take a piece of paper or 
liiien, and stain with candle gi*ease. Place a strip of 
good blotting-paper on the stain, and apply a hot iron 
to the part. The heat melts the grease, and the 
blotting-paper absorbs it. In this ^ay may be re- 
moved all grease stains that are easily melted. 

(2.) Stain a carpet with grease, and rub the spot 
with benzine. The spot is removed, because benzine 
is a solvent for grease, for which reason it is highly 
valued as a cleansing agent for clothes an4 woollen 
material generally. < 

To cleanse carpets, ox gall is often employed, and 
wisely so. If a red litmus paper is brought into 
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contact with th^ gall, or bile — for that is what it 
really is — the paper is turned blue; and it will be 
easy f<v the student to understand that the cleansing 
poweif of gall depends upon its alkalinity, it being a 
substance similar in this respect to ^caustic soda and 
ammonia, being besides stife to use as having no 
destructive action upon the fabric. 

2. Ink Stains. — These are very troublesome, and 
should be dealt with immediately upon thi*ir occur- 
rence, by soaking the stained fabric in hot water. 
Supposing this has not been done, however, proceed 
as follows : — 

Stretch a piece of ink-stained calico over the top of 
a cup or beaker. Make n strong solution of siilt of 
lemon or salt of sorrel, as potassium oxalate is vari- 
ously known, and rub the stain until it di.sap 2 )ear 8 . 
Now rinse the fabric well with lukewarm water. 
T§.ke another piece of cjilico that has been iron-moulded 
by ink, and treat it in exactly the same way. A little 
practice will make you quite adept at removing ink 
stains, and very useful you will find the accomplish- 
ment, for such it is. Instead of salt of sorrel, oxalic 
acid itself might be used for the purpose of remov- 
ing the ink stains. 

3. Fruit Stains. — These are not easy to remove, as * 
fruit juices are true dyes, and will therefore produce 
a stain difficult of removal. The article stained should 
be at once transferred to soft water to be well washed, 
whereby the stain may be removed. 

IE tha stain is an obstinate one, proceed thus: 
Take a piece of calico stained with daifison juice. 
Stretch iU over a vessel, as in the case of the ink 
stain, and treat it with salt of sorrel as before. Try 
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the expeiiment again, this time using salt instead of 
the salt of sorrel. In each case wash the stain well 
with boiling water immediately after the application 
of the salt. • 

4. Paint Stains. — Rub a piece of cloth that has been 
stained with paint with a mixture of methylated 
spirit and turpentine. The mixture dissolves out 
the stain, which may then be rubbed oft*. Treat the 
stain next with benzine, in order to cleanse away any 
grease or other foreign matter. 

These experiments should be repeated until the 
student is well skilled in dealing effectively with these 
troublesome stains. 

Urgency of OleanUness in Everything. — Too much 
emphasis cannot be placed upon the need for clean- 
liness in everything connected with the person and 
the house. Nothing so eft*ectually wards off disease 
as cleanliness ; nothing makes the house more comely 
and attractive. If utensils are cleaned immediately 
after use, the cleansing is easier, cheaper, and more 
effectual than is the case after the utensil has been, 
even for a short time, placed aside, and although to 
save a little soap or a little soda may not seem a 
great thing, “ many a mickle makes a inuckle ” in 
everything. Again, liow unsavoury i^ the odour from 
an unclean oven ; yet the sluttish housewife would 
laugh to scorn the suggestion that an oven should be 
kept just as clean as a saucepan or a frying-pan. 
I'his does not alter the fact that dishes cooked in 
unclean ovens lose much of their savour; bence the 
necessity for keeping an oven always sweet and (dean. 
So also the stove should be continually aJbtended to 
in this respect Blacklead, which beautifies the ugly 
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rust-disfigured skive, is a sovereign ivinedy against 
further rust. It will be of little use to learn the rules 
and principles of housewifery, if the first and mast 
urgent* rule — namely, “ Keep all things clean and 
sweet ” — is not obeyed. • 


VI. THE BODY AND POOD. 

Elementary and Compound Substances. — It is the 

business of the chemist to find out whether the sub- 
stances that are found in the world are made! up of 
one or more kinds of stuft* or substance, ^rhis he? does 
by breaking up substances into simpler and simpler 
bodies, until at l/ist lie can get nothing more simple*. 
The following experiment will illustrate this : - 

Practical Work. 

• 

1. Take some red mercuric oxide and heat it in a 
hard glass test tube. We observe the mirror of iikt- 
cury that deposits on the side of the tulie ; and we 
also, by means of the smouldering chip, show tliat a 
gas is given oft* which we name oxygc*n. What do 
we infer from this experiment ? One safe inference 
is that the red#stuft* with which we started is not a 
simple body, but is made up of at least two other 
bodies simpler than itself, into which it has been 
resolved by heat. Mercuric oxide, then, is a compound. 

If we now take mercury or oxygen and experiment 
with them, we shall find that, do what we may, we 
can* get nothing from them except thembelves, for 
which reason we call these simple undecomposable 
bodies elements. Thus an element is a simple body 
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from which nothing hag ever been got except iteelf, such 
as oxygen, hydrogen, nitrogen, the metals, sulphur, 
and many other substances. r 

A componnd is a body composed of two or more 
elements combined together, such as water, starch, 
sugax, acids, alkalis, etc. 


The Number of the Elements. — By the most careful 
and unremitting experiments the chemist has, up to 
the present time, been able to discover not more than 
seventy-five elements, out of which the whole of the 
univerae, including the animal, the vegetable, and the 
mineral kingdoms, has been built up; so that the 
variety of the myriads of different things in sky, 
earth, and in the waters under the earth, is due, not 
to the infinite variety of the component elements, but 
to the amazing number of different combinations that 
have been made of these seventy-five elements. 

Metals and Non-Metals. — It is usual to divide the 
elements into these two classes. By comparing a 
stick of sulphur with a rod of iron the difference 
between metal and non-metal can, to some extent at 
least, be appreciated. Metals have lustre, they con- 
duct heat and electricity, they are malleable, ductile, 
and tenacious; wd)ereas non-metals are deficient in 
the qualities above enumemted. ^ 

Three-fourths Metals. — Of the seventy-five elements, 
three-fourths (fifty-five) are metals, the rest being 
non-metals. ♦ 

Solid, Ihquid, and Gaseous Elements. — By far*the 
greater majority of the elements are solida* In fact 
there are but five common gaseous elements— namely, 
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oxygen, hydrogens, nitrogen, chlorine, and fluorine ; 
and two liquid elements — namely, the metal mer- 
cury and the non-metal bromine — all the rest being 
solids. • 

These elements unite together to {prm compounds, 
and everything in the universe is eitlier an ele- 
ment, a compound, or a mixture of elements or 
compounds. 

Only a few Elements occur in large Quantity. — It 

must not be thought that each of the seventy-five 
elements is widely distributed ; indeed some of them 
occur in such small quantity as to he cheinieal 
curiosities. Further, although certain of the elements, 
such as oxygen and hydrogen, occur in equal abun- 
dance in both living and non-living substances, some 
of them appear to be characteristic of living and some 
of non-living or mineral substances. Of this wo sliall 
speak later. In the meantime we will en<leavour to 
pomt out the difference between living and non-living 
matter, or between organic and inorganic mattru*, 
which are the terms usually applied to tliese two 
different forms of matter. 

Living or Organic Matter. — This includes all plants 
and animals. An examination of a living Ix^ing 
shows that it consists of special parts doing special 
work, which work cannot be done by other parts. 
This is especyilly the case with respect to the higher 
living beings, such as trees and men. It is ludicrous 
to think of a man tasting with his hand or smelling 
with his ^ye or seeing with his nose, just as it is to 
think of a root producing flowers and fruit. These 
special pai;|» are called ozgene* instruments or tools 
with which a special work can be done; and the 
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being possessing organs is an org^ized being, the 
substance of which the organs are composed being 
called organic matter. 

A Stone has no special Parts. — Next consider a stone 
or a piece of iron. There are no special parts told 
otf to do special work. A stone lias no organs; it 
consists of mineral or inorganic matter. 

It is usual to divide organized beings into two 
classes or kingdoms — the animal and the vegetable; 
inorganic matter being all included in a tliird division 
known as the mineral kingdom. 

Man the most highly-organized Being. — Of all organ- 
ized beings, man is the chief ; and the next thing 
that we have to do is to study man, especially with 
respect to his digestive or food-dissolving parts or 
organs ; after which we shall conclude the course by 
studying the digestion and preservation of food more 
fully than has lieen done in the earlier part of our 
lessons. 

It will be a useful exercise for the student to 
classify twenty or thirty of the more common sub- 
stances in her laboratory book under the following 
heads : — 


KlngdonL 

six 

Compounds. 

SU 

Metnls. 

Six 

Non*MeUl8. 


A 


VegetaUa Kingdom. 



iii 

« 

Mlnoral Kingdom. 



c 
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VIL TBS PBESEEVATION OF FOOD. 

In Experiment 1, p. 94, we allowed how, by the 
growtJaTof a minute organism — the yeast plant — carlion 
dioxide and alcohol may be produced from ti sugary 
or starchy substance ; and how, hy the action of 
another of these germs, vinegar is produced from wine 
or beer. We called these processes fermentation, tlie 
yeast and the ^ mother of vinegar ” being known as 
vegetable ferments. 

Putrefaction. — We have now to look nito the pro- 
cess of putrefaction, that great stumbling-block to the 
preservation of food. It has been found that putre- 
faction is simply a process whereby the growth of 
vegetable ferments produces various unpleasant sub- 
stances. It has been pointed out that when, as a 
result of the growth of these vegetable ferments, sub- 
stances not unpleasant or dangerous result, the process 
is*called fermentation ; whereas, if disease, decay, and 
death are connected with the growtli of fermenting 
fungi, we speak of the process as putrefaction. 

Bacteria. — The minutest fungi are called bacteria. 
In size they are so small that even after having bcjcn 
magnified four hundred times they are still invisible. 
What they lack in size, however, they make up for 
in numbers and in hardiness. It has lieen ascerbiined 
that there are not less than eighty to every cubic foot 
of air. They may be heated up to lOO** C., and cooled 
down to the lowest temperatures, without being killed ; 
although^ by this means they are rendered incapable 
of ^prther growth, until more favourable •conditions 
obtain. When such conditions do arrive, the microbes 
increase by splitting at an incredible rate, so that 

O.M0) 12 
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from one millions result. It is only fair to add that 
of the numerous forms of these lowly fungi but a 
small minority are deadly to man ; some forms appear 
to be actually beneficial. We cannot furthet^ enter 
into this interesting subject. The student should, 
however, carefully understand that these microbes are 
fungi ; that they live upon organic cr living matter, 
in which respect they differ from ordinary green 
plants ; that they multiply with extreme rapidity ; 
and that very few substances are able to kill them, 
amongst which the most common is carbolic acid. A 
substance that luis been freed from microbes by car- 
bolic acid or other antiseptic, as these microbe-killers 
are called, is said to be sterilized — that is, unfruitful 
in the growth of microbes. 

Practical Work. 

1. Application to Food. — Expose some milk to the 
action of tlie air, or even bottle it up so that the oul1?r 
air cannot get near it. Observe that after a time it 
becomes sour. This sour milk now contains a new 
substance, lactic acid, which has resulted from the 
growth of the spores of a ferment similar to the 
mother of vinegar ferment. The ferment was present 
in the milk and is present in the air, and as soon 
as it grows lactic acid is formed ahU the milk be- 
comes sour. 

Take some moi*c milk and add to it a little sugar, 
or a little sugar and bicarbonate of soda, or a little 
boracic acid. Now proceed to boil the milk, and then 
cork it up tightly. It will remain for an^" length 
of time witliout souring. It is sterilized. It will 
now be evident why it is wise to boil milt and not 
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to take it raw ^at any. time. There may l)e other 
bticteria in it in addition to the hictic aoicl ferment, 
and these may develop in the iM'wly of the drinker and 
cause «carlet fever or other dan^ferous diseastss. 

Antiseptics. — The above experiineyt illustratc's the 
preservation of food by means of antisi^ptics — that 
is, preventives of putrefaction, as the won! means. 
Common salt is the most widely -used antiseptic ; bor- 
acic acid is also much valued. Creosote is the anti- 
septic that is applied to Imcoii when it is smoked after 
having Ix^en salted. Salicylic acid is not so much to 
be commended as Inavvcic acid ; indeed, pi*ohably the 
best antiseptic that can be obtained for ordinary pur- 
poses is a mi.xture of boracic acid and glycerine, usc‘d 
in the proportion of about 1 to 50 of water, in which 
it dissolves. 

2. Obtain specimens of the various antiseptics re- 
ferred to above, and test their power in arresting 
putrefaction by treating meat, etc., with them. 

The boiling of milk, water, and other liquids, and 
the heating of solids, illustrate; the fact that sub- 
stances may Ik; sterilized by having their tempera- 
ture raised, and if the air is exclmled such lx)il«;d 
substances will not putrefy. 

Tinned Meats. — These are prepirerl by placing the 
meat in tins and filling up the tins with gravy, 
the cover tl^en being placed on, and the whole sealed 
up except at one poivt. The tin is now heated to a 
temperature well above that of boiling water, whereby 
all air ia expelled, and all microl)es are rendereil in- 
active. The hole is now filled up with solder, and 
the meat jvill remain good so long as the air is ex- 
cluded. To test whether the tin remains air-tight, all 
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that we now do is to examine the 4>p, which should 
be bent in or depressed by the pressure of the air. 
If this is not the case, the meat should ^not be 
eaten. • 

In these dayg it is well known that meat is ex- 
ported from New Zealand and Australia in frozen 
chambers. The cold acts here tus the antiseptic agent, 
which fact is also taken advantage of in the ice-safes 
that are so much in demand in the summer. 

Then, again, who has not heard of dried fish and 
of dried meat ? Drying is a means of preserving 
food. To sum up, we may enumerate four methods 
of food preservation ; — 

(1.) By antiseptics, such as salt, boracic acid, creo- 
sote (why not carbolic acid, as it is so excellent an 
antiseptic ?). 

(2.) By heating and excluding air, as in tinned 
meats. 

(3.) By refrigerators, as in the case of New Zealand 
mutton. 

(4.) By drying, as in dried fish and the pemmican 
of Arctic travellera. 

With respect to (2), a danger may appropriately 
be pointed out with regard to tinned fruits. Solder 
contains lead and tin, and fruits contain acids. Now 
we have learned from our chemical experiments that 
metals and acids react, and in the cai^ of tinned 
fruits the reaction will result in the formation of 
poisonous salts of lead, etc. The good liousewife will, 
therefore, always buy her preserved fruits ^ bottles, 
where thw^ is no solder, and no possibility of« the 
formation of poisonous bodies. « 
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VIII DISINFECTANTS. 

Disinfectants. — The lK‘di*ooin of a patient sufiering 
from a germ disease (and what diseases are not due 
to germs ?) is a liothouse wherein intembes are multi- 
plying at an alarming rate. Henee the need of dis- 
infection, whereby these germs may iKi destroyed. It 
will readily be understcKKi that disinfection cannot be 
carried on whilst the patient is in tlu.^ r(X>m, since it 
is much more easy to kill a man than it is to kill a 
microbe. Hence, in studying disinfection we are only 
considering what is to l)e done after the (Mitient has 
happily recovered, ami is in a tit condition to be re- 
moved from the room. 

1. As to the Patient. — He slioukl be thoroughly 
wa.shed, and should put on a complete cliange of cloth- 
ing that has been prevlonsly disinfected. 

•2. The Boom. — All {xirtable articles, such as beds, 
mattresses, etc., that have l>een in close contact with 
the patient, should 1x5 sent to tlie public disinfector, 
where they will be effectually clealt with by being 
subjected to the lieat of superheated stciain. 

The room should now be made completely air-tight 
by pasting strips of paper over window and door 
chinks, and by filing up the chimney witli shavings. 
About two pounds of sulphur (one pound for each 
1,000 cubic*feet of space) is now to 1x5 powdered and 
placed on an iron plate, under which there is a bucket, 
or other vessel, filled with >vater, and so placed as to 
catch an^ burning sulphur that may run off the plate. 
Stri^ of paper should be got ready for scaling the 
door out Of which the person who is conducting the 
disinfection must pass when leaving the ixx)tn. Tlie 
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Hulphui* iH now set burning. The ojterator leaves the 
room, and immediately stops up keyhole and chinks, 
and the room is then left to the action of the «u!phur 
for twenty-four hours, after the expiry of whicli time 
the door is reopened, windows arc thrown up, the 
chimney is cleared, and everything done to promote 
a copious supply of fresh air. The paper is completely 
stripped off the walls and burned, the ceiling is scraped 
and whitewashed, and every bit of paint, as well as 
the fl(X)r, is scrubbed with carbolic soap; and thus, 
by the combined agency of disinfectant, fresh air, and 
cleanliness, the fell enemy is destroyed. 

Here the disinfectant used is sulphur dioxide, which 
is the body produced by the burning of the sulphur. 
Oarbolic acid and chlorine are other less manageable 
disinfectants. 

It should be remembered that the clothes worn by 
the patient prior to his seizure are probably charg^id 
with germs. They also should be carefully disin- 
fected, or the diseiuse may be communicated, notwith- 
standing the disinfection of the room. 

Disinfectants and Deodorants. — These two veiy dif- 
ferent things should be carefully distinguished. 



Fig. 15.~ Absorption of ammonU m 
by ehareonl. 


Practical Work. 

1. Inveili a test tube full 
of meicury in •a mercury- 
trough. Pass up some dry 
ammonia gas until the test 
tube is full. Kei0t push a 
piece of charcoal up* the 
tube, and let the* whole re- 
main for some time. Ob- 
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serve that the mercury gradually creeps up the test 
tube. Why ? Because the ammonia has been absorl>ed 

by the charcoal. 

• _ 

In the stune way charcoal and othel* substances will 
absorb the foul-.snielling air of .sickrooms, and will 
destroy the bad odour, but not the microbes. Hence 
carlx)n is called a demlorant, Ixjciiuse it removes the Iwd 
odour. It is not an antiseptic or disinfectant. In the 
same way camphor, turpentine, burning peat, lx)iling 
tar, eucalyptus, Condy s iluid, are deodorants only. 
Sulphur dioxide and carlx)lic acid are lx)th deotlorants 
and disinfectants, but in a .sickr(K)m they oinnot Ixj 
used in anything like sufficient (piantity to disinfect 
without killing the patient. The same may lui said 
of chloride of lime, which yields a supply of chlorine 
when dieted upon by vinegar or any other weak acid. 
To make the subject clear, we give Isdow, in tabular 
form, a list of commonly used disinfectants and 
deodomnts : — 


DisInfecUnis. 

DcotloianU, 

Sulpbur Dioxide 

CtaarcoaL 

(Fruni burninir milplinr). 

Camphor. 

Carbolic Add 

Turpentine. 

(Vapoi^ed by heat). 

Burning Peat 

Cblorlne 

Boiling Tar. 

(From bleaching- ix>wder by 

Euoalyptua 

^ vinegar). 

Oondri Fluid j 

Cond]^B Plttid. 
Sulphur Dioxide. • 

(When actually in contact* < 

Carbolic Add. 

OM it iH non-volatile). 


Corrosive Sublimate 


(Dissolved in water, 1 fiart j 


in 1,000 parts). 



Xafectioii and Contagion. — An infections disease is 
one that may be communicated from one person or 
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animal to another, such as inilueiiBa, scarlet fever, 
smallpox, etc. If the transference can only take 
place by direct contact with the person infected, as 
in the case of itch, ringworm, and hydropholSa, the 
disease is said to be contagious. Doctors are agreed 
that the so-called infectious diseases can be trans- 
ferred by contact, although the usual way is by con- 
veyance of the germs by the atmosphere, or in some 
way other than contact. The safest course to adopt 
with respect to an infectious disease is to isolate com- 
pletely both the patient and the nurse. This can be 
most effectively done at a fever hospital, and people 
are happily becoming every day more and more con- 
scious of the wisdom of sending patients to those 
centres of skilled nursing and complete isolation. 
The recovery of the patient is thereby made more 
certain, and the risk of contagion or infection is 
reduced to a minimum. « 

When it is impossible to follow this course, isola- 
tion at home should be aimed at. Nobody but the 
nurse and the doctor should enter the sickroom. 
Every precaution should be taken to keep food, etc., 
which has been in the sickroom away from the rest 
of the household. The room should be made as free 
of furniture as possible, everything ucinecessary being 
removed therefrom at the outset. A good supply of 
warm fi*esh air, constantly ronewed, shoukl be insisted 
upon. All articles used by the sick person should be 
washed separately in corrosive sublimate solution, and 
the floor of the room itself should be wiped^ver with 
carbolic ifcid or corrosive sublimate and water.* In 
fact, it should be recognized that an enemy is present 
w'hich can only be successfully fought by using the 



GENERAL STRUCTURE OF THE HUMAN BODY. 185 

best weapons, wbich are (1) fresh air, (2) cleanliness, 
(3) disinfectants. Moreover, the utinast vigilance is 
to be taken, from the outset to convalescence, to pre- 
vent infection from spreading, and this can only 
be done by complete isolation and Utmost vigilance, 
especially when the patient is about to rejoin the family 
circle. 

The table on p. 18G will give some account of in- 
fectious diseases with respect to their symptoms, and 
also with respect to the possible location of the dreaded 
germ. 


IX. GENERAL STEUOTUBE OF THE HUMAN BODY. 

Hiunan Physiology. — The human Isxly is l>eauti- 
fully and wonderfully made! It has been said that 
if people could see all tlie actions that are taking 
place inside their Ixxlies, they would bo afraid to 
move, for fear of disturbing or in some way interftn*- 
ing with the working of the ditfereiit organs. But 
there is no need for any such fear. The Ixxlies of all 
healthy people are so well and sti*ongly made, their 
parts or organs are so beautifully fashioned and fitted 
for the tasks allotted to them, that day after day, and 
year after yeai^ they perform their respective func- 
tions without disturlmnce and without failure. 

Now, whether our bodies are to be strong and 
healthy, or whether they are to be weak and diseased, 
depends chiefly on ourselves. If we breathe foul air, 
inhabit Unhealthy houses, and eat unwholesome food, 
it imperfectly certain that we shall suffer TAxlily pain, 
and that Our lives will be shortened. To understand 
the reasons for this, we must learn something of the 
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structure or iiialte of the human Ixxly, the iiamcH and 
positions of the different organs of which it is com- 
posed, and the function or kind of work each organ 
has to perform. This knowledgt^ is called Pltt/sltiltM/j/. 

The Skeleton. — Tlie bony framewm*k of tlie IxKly 
is called the skeleton. It is composed of alx)ut two 
hundred separate bones. 

At the joints, tlu> Ixaies 
are joined together by 
bands of a substance like 
gristle. In the head there* 
are twenty-two separate 
bones, oidy one of which 
-the lower jaw — is mov- 
able ^^lien there is a long 
ro\v' of bones — thirty-three 
altogether — which form 
tlyj spine or backlxme. 

To the higher part of the 
backbone, })elow the lK)nes 
of the neck, twelve paii*s 
of ribs are ftistened, all 
of which curve round, so 
that the upper seven pail’s 
join with the •breiustbone 
in front. In each aim 
and hand there are thirty 
bones, and exactly tlie 
same numljer in each leg 
and footr so that we can fi,. i6.~Hunun.keieto«. 
sooeP reckon up the entire nunilier of borfes — about 
tivo hundved — which compose the skeleton. 

The use of the skeleton is to form a foundation — a 
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kind of stitf* framework — on w'hiclF the rest of the 
body can be built up : the bones of the head enclose 
and protect the brain; the bones of the trunk per- 
form a similar office for the organs situated in the 
chest and in the abdomen; while the bones of the 
limbs impart rigidity to them, and aid us in perform- 
ing work and in moving about. 

The Muscles. — The muscles are the great organs of 
motion. They are composed of fibres laid side by side, 
forming bundles, which are attached to the hones by 

tough whit- 
ish strings, 
called sinews 
or tendons. 
There is a 
well - known 
and powerful 
muscle, called 
the biceps 
muscle, which 
we can feel 
forming a 

Fig.U.-BIcepsmutcle. the 

upper part of the arm when we bend it. This muscle 
is fastened by two strings or sinews »to the shoulder- 
blade, and by another sinew to a bone in the lower 
arm, just below the eUx)w Joint. When? the biceps 
muscle contracts, it pulls up the lower arm and the 
hand. In a .similar way the various bones are moved 
by about four hundred muscles. 

The Orgime of Digestion. — To digest food is to ihake 
it fit to enter the blood and nourish the body. The 
organs of digestion form, or are connected with, a 
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long tube or pigp, called the alimeiitiiry canal. The 
mouth is the opening into or the commencement of 
this tube. Next coino.s the gullet or footl-pipe, then 
the stomach, and lastly the intestinc.s or bowels. 

In the mouth the fo(xl is broken jup by the teeth 
and mixed with .saliva. It is then .swallowed, and 
pa.ssing down the gullet it enters the stomach, where 
a fluid called the gastric juice is mixed with it. Pars- 
ing out of the stomach, the food 
enters the .small intestine.s, where 
two more fluids, the bile (formed 
by the liver) and the pancreatic 
juice (formed by the pancreas), 
are poured upon it. By the 
tiction of the.se four fluids — the 
.saliva, gastric juice, bile, and 
pancreatic juice — the food is 
di.s.solved. Lastly, as the fcK)d 
mbves down the small intes- 
tines, all the good, nutritious 
part of it pas.se.s through the 
sides of the intestines into little 
blood-vessels, along which it is rf. Hver. 

carried, mixed with the bloo<l, to all parts of the 
body. 

The Organs of Oircnlation. — A hot, red fluid is con- 
tinually moying along certain tubes contained within 
our bodies. ‘This fluid is the blood, and the tubes 
through which it runs are called arteries, veins, and 
capillarity^ But what causes the blood to move ? A 
verjt strong hollow muscle called the heart. The 
arteries ajje pipes leading out of the heart, the veins 
are very similar pipes leading into the lieart, while the 
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capillaries are extremely 
small narrow tubes con- 
necting the ends of the 
arteries with the ends of 
the veins. Leij^ us sup- 
pose the heart to be full 
of blood. Now the heart 
contracts, driving the 




Fig. so.— Circulation of tlie blood : 
K, A, A, the heart : p, n, the two chain* 
bera which form the right aide of the 
heart; k, b, two chambers which form 
the left aide of the heart ; n, artery 
conveying blood from right side of 
the heart to the lungs ; j. vein con* 
veylng blood frftn lungs to left aide 
of heart ; c, great artery conveying 
blood to the capillaries; s, great 
vein bringing blood bark to the heart. 


Fig. 1».-Heart. 

blood into the arteries, which 
carry it to every part of file 
body. After passing thi*ough 
the capillaries, the blood en- 
ters the veins, which pour it 
into the heart again. In 
this way the blood is con- 
tinually ciroulaiing or flow- 
ing round and round within 

our bodies. 

11 ,' 

The Organs of Respiration. 

— By respiration we mean 
the act of breathin^^. When 
we take in air, it p§isses 
through either the mouth 
or the nostrils down a tube. 
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called the windpipe, into the lungs. The lungs are 
situated in the chest or thorax, one on the right and 
the other on the left side of the heart. Tlu‘y are 
light •*bags, elastic and 
spongy in texture, and very 
full of cjipillaries. The 
blood is sent from the 
right side of the heart to 
the lungs, through a tube 
called the pulmonary ar- 
tery. The blood in this 
artery is dark in colour, 
and contains much carbcm 
dioxide gas. The blood rig. 21 . -Air pMnaKe-of hihkh. 
is taken away from the lungs by the four pul- 
monary veins, which lead it back to the left side of 
the heart. The blood in these veins is of a scarlet hue ; 
it contains less carl)on dioxide gas and mttre oxygen 
thtin the blood in the pulmonary arteiy. It is cer- 
tain, then, that in the lungs the blood some of 
its carbon dioxide and ijums some oxygen. From 
what source does the blocnl obtain this oxygen ? and 
what l3ecomes of the carbon dioxide ? It is from the 
air which enters the lungs that the oxygen is taken. 
Some of the oxygen gas pii8.ses through the moist 
bladdery lining of the lungs ivto the bkxxl ; while a 
nearly equal^ quantity of carbon dioxide passes from 
the blood outwards into the air, and is (‘xpelled from 
the mouth or nostrils. The air we biviithe out con- 
tains about five per cent, less oxygen, and a>)Out five 
per <jent. mwe carbon dioxide, than the air we breathe 
in. In this way we take from the air about a pound 
and a halt of oxygen gas every day, and we daily 
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pour into the air about two pounds- weight of the 
heavy, poisonous gas called carbon dioxide. 

The Organs of Sensation. — Every one has heard of 
the five senses: we hope that each reader cf this 
book possesses ^them all. One sense — namely, the 
sense of touch — resides in the skin, and is possessed 
by the entire surface of the human body. But the 
other four senses are severally restricted to very small 
portions of the body : thus, the eyes are the organs of 
sight, the ears are the organs of hearing, the nose is 
the organ of smell, and the tongue and palate the 
organ of taste. 

The Nervous System. — All the organs of the body 
are connected, by nerves (which look like white 




threiuls), either with a great 
iniuss of nervous matter, called 
tlie brain, or with a long thick 
nerve, called the spinal cord, 
which runs down the centre of 
the backbone. It is by means 
of the nervous system that our 
muscles are set in motion when 
we move. If the nerves going 
from, say, the tip of a finger to 
^ the brain are cut, we can no 
longer feel anything with that 

Pig. 22 .-<The brain and npinai finger* If the brain is diseased, 
coni with Its branches. cannot think properly: the 

brains of idiots and of mad people are always found 
to be defective in some respect. ^ 

The Oi^gans of Excretion. — ^To excrete is tQ. re- 


move and get rid of useless matter. The food we 
take does not accumulate in the body ; if it did, we 


GENERAL STRUCTURE OF THE HUMAN BODY. 193 


should grow heavier day after day, until we becanio 
perfect mountains of flesh. Each portion of food does 
its allqjbted work. Perhaps it g(3es to produci? heat, 
perhaps to make muscle, perhaps to enable us to per- 
form work ; but sooner or later it })econies used up 
and converted into waste matter, which must Ikj g«)t 
rid of, <is it would be a serious and even dangerous 
clog if it were not removed from the body. The 
chief organa of excretion are the lungs, the skin, and 
the kidneys. 

The liLiujH remove carbonic acid gas, \vater- vapour, 
and heat from the blood. Much moui of all these is 
contained in the air we breathe oat than in the air 
we breathe iv. 

The ah in excretes the sweat, a liijuid which is 
chiefly water. 

The kidneifH also excrete water, but in this water 
there is dissolved a nitrogenous substance, called ur<*a. 

Practical Work. 

Breathe out through a glass tul)e dipping into clear 
lime-water : the latter is rapidly turnecl milky by the 
carbonic dioxide in the breath. The presence of 
water-vapour in expired air can be shown by breath- 
ing on any br^ht, cold piece metal, as a silver 
spoon, while the mercury in the thennometcr quickly 
rises to about 98 when we breathe on that instill- 
ment. 

the Oigaas of the Body all work together. — Although 
we see that the human body is made of mmiy distinct 
parts or organs, each of which has a special work to 
do, we must not think that they are independent of 

(LOW) 13 
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one another. All the organs work ^gether for the 
good of the whole body. 

The muscles move the bones and carry thje body 
about, in obedience to orders from the brain? sent 
through the nerves ; the alimentary canal makes the 
food fit to noiirish every organ ; the organs of circula- 
tion convey the nutritious part of the food, mixed with 
the blood, to every part of the body ; finally, the organs 
of excretion remove the used-up matters from the body. 

But the organs cannot work properly unless they 
are in a healthy state. And when any organ is 
unable to do its work well, our body feels uncomfort- 
able and our health suffers. Moreover, since the 
organs '‘all work together,” when one of them is 
diseased all the rest suffer. It is, therefore, of the 
greatest importance that we should undemtand the 
nature and the working of our organs, so that we 
may be able to treat them properly and not to injure 
them — as many people who know no better do — by 
over-exertion, over-eating, drinking to excess of alco- 
holic beverages, want of exercise and fresh air, etc. 
Just ns every engine-driver ought to understand the 
construction of his engine, so every one who inhabits 
a " body ” (as we all do) ought to understand its build 
and mode of working. 

Oompositioa and Weight of the Body. — How many 
of the seventy elements help to form our bodies ? No 
fewer than sixteen have been detected in the human 
body, but of four of these there are only a few graina 

Suppose we take the average weight of a grown-up 
man to beil stones, or 154 lbs., then the body of dhat 
man would be composed of such weights the dif- 
ferent elements as are stated in the following tabla 
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ElamtntB torwing th« Body: — 

Oxygen (n gas). 

Carbon (a solid ; non-metal) 

• Hydrogen (a gas) 

* Nitrogen (a gas) 

Calcium (a metal) 

Phosphonis (solid ; non-metal)... 

Sulphur (solid ; non-metal). 

Chlorine (a gas) 

Sodium 

Potassium 

Magnesium 

Fluorine. 

Iron 

Silicon J 

Manganese 1^ 

Copix^r J 


the. 

109 

18 

14 

5 

4 

1 * 

i 

i 

i 

A few grains. 
A trace. 


Oompoundfl in the Body. — Of the Mixteen eleinentH 
named in the list alxive, oxygen is the only one which 
wc find in the separate state, its an element, in the 
human body ; and even of free or separate oxygen 
there is very little. The elements join together to 
fgrm compovmds, such as water, common salt, etc. ; 
the compounds form tissues, such as muscle, fat, Ixine, 
etc. ; of such tissues the argavs arc composed ; while 
the body consists of all the organs taken togi^ther. 

The following are the principal compounds of whfch 
the human body is made : — 

thn. 


Water (oompoeed of Hydrogen and Oxygen) 109 

Dry Protei^Mattera (composed of CarlMn, Hyf1rr>- 

gen, Oxygen, and Nitrogen) 29 

Dry i^tty Matters (oomixised of Carbon, Hydro- 
gen, and Oxygen) 8 

Mineral Matter (phosphate of lime, common 
«dt, etc.) 11 


The term proteld means the same as ^albiiiiil]i0Ul| 
or nitiogtaous oiganic matter. The proteids in the 
body include fibrin in the muscles, albumen in the 
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muscles and in the blood, and ossein, «the soft organic 
matter in bones, which can be obtained from them by 
long boiling, by wliich it is converted into gelatin. 
The proteids are composed mainly of the four elements 
carbon, hydrogen® oxygen, and nitroyen,\mt they also 
contain a little sulphur and phosphorus. 

Fai is composed of carbon, hydrogen, and oxygen, 
but it contains very little of the last-named element. 
It is found in masses round the kidneys, and there is 
usually a layer of fat just under the skin. 

, The mineral comjiounds in the body occur chiefly 
*'lli the bones, to which they impart hardness and 
rigidity. Of phosphate of lime (composed of phos- 
phorus, oxygen, and calcium) there are 8| lbs.; of 
carbonate of lime, about one pound ; of common salt 
(composed of sodium and chlorine), about half a pound. 
Salt is always present in the blood. 

The tissues. A layer of fat, a piece of bladder 
skin, and the stringy part of lean meat, are good 
examples of tissues : we should call them fatty tissue, 
connective tissue, and muscular tissue, respectively. 
Of layer upon layer of such tissues all the organs in 
the body are composed. 

Table showing the average Weight of the Organs of 
which the Body is composed : — « 


lbs. 


MuBcles . 
Skeleton 

Skill 

Fat 

Brain 

Blood .. . 


.. 03 
.. 24 
lOJ 
.. 28 
.. 3 
•12 


Organa in the Cheat (Heart, Lunga) 2| • 

. .Or^ns in the Abdomen (Stomach, Intestinea, Liver, 
Pancreaa, Spleen, Kidneys) 11 

Total .../iW 
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Work done ii^and by the Body. 

Work done in the hinly. Snppwio wo took a inuii 
who ^jjeighed exactly 154 lbs., and placed him in ono 
pan Of a large pair of scales, putting his exact weight 
into the opposite scale-pan. It‘ tin* scah*s were con- 
structed very accurately and carefully, we should soon 
see the weights begin to move down, while the scah‘- 
pan with the man in it would rise This woiihl 

show that the man wa.s lonlmj vudjihf, 

Uow can we account for this t If we imwh^ the 
man breathe out through soim? linn*-watt*r, we should 
see the liipild turn milky : this shows that tin; niaM^ 
body is parting with, or giving off* the heavy gas 
called carbon dioxide. If we let his breath fall on a 
piece of looking-glass, we should see the water-va[)oiir 
which is also going out of the body in his breath. 
We should also find more water-vapour c^vai)orating 
into the air from the man’s skin. Of eoui*se, tla*se 
tilings — the carlxmic acid gas and the wat<*r-vapour 
— have weight, and since the}'^ pass away from the 
man’s Ixidy into the air, they cause him to lose weight. 
It is true that the man takes in oxyg<ai gas from the 
air, but the weight of this is not so great as the weight 
of the matters he parts with. 

Then the m^n IfjseH heat. This must necessarily Iks 
the case, since the heat of the h(?althy bcsly is always 
98 i°, whilg the heat of the air around us is, on the 
average, only 50®. 

The man may not have .stirred hand or foot since 
we put Jiiin in the scale, yet the production of heat, 
water, and carbonic acid gas shows us that work is 
being doQe in his body. A dead body would not lose 
weight, for no work would be going on in it. But 
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when we examine closely the living Ijody, we can see 
that work is being done in it The rise and fall of 
the chest and the beating of the heart show thjs ; the 
pulse proves that the blood is coursing throu^ the 
arteries ; the waimi breath proves that something (the 
food) is being burned within the body, producing heat. 

Work done by the body. Now let the man jump 
out of the scale, and set him to perform some hai*d 
work for an hour. On weighing him again, it will 
be found that he has lost much more weight than he 
did in the same length of time when sitting still. Men 
who are engaged in very hard, heavy work, which they 
have to perform in a hot atmosphere — such as pud- 
dling iron — have been known to lose several pounds in 
weight in two or three hours. When we walk about, 
our muscles have to do work ; they have to transport 
the weight of the body from one place to another. 

All Work implies Waste. — We here use the word 
" waste ” in the same sense as when we speak of any- 
thing wasting away — that is, being used up. 

Let us imagine a steam-engine with its boiler filled 
with water and its furnace full of coals: the whole 
weighs, say, 20 tons. Now we light the fire, and the 
engine begins to work ; in an hour or two, however, 
the motion slackens, and at last it sto]^ 

Now we weigh the engine again : it weighs perhaps 
18 tons. What has caused it to lose 2 tonsvin weight ? 
We look into the boiler : it is empty ; the water has 
all become steam, and has passed out into the air. The 
coals too have disappeared ; they have been^hanged 
chiefly into carbon dioxide, which, like the steam, 
has passed away, while the ashes, which '^ould not 
burn, have dropped through the furnace bars on to 
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the ground. EJjiren the engine itself has worn away 
to a slight extent. The parts made of iron or of 
brass yrhich rub against one another when the engine 
is at Vork need repairing fi*oni time to time. 

It is the same with every other nj^chine. All work 
impliea waste. Work cannot be performed witliout 
using up something. 

How the Waste of the Body is repaired. — The human 
body may be well compared to a railway engine. 
Like the engine, the Ixxly must be built up and kept 
in repair; but it is able to do this A\\)rk for itself, 
which the engine cannot do. If the engine is to do 
work, we must supply it with water and with coal. It 
is the same with the human bod3^ which cannot do 
work unless it is supplied with food ; and just as tlie 
engine uses up the coal and the water, so does the Ixxly 
use up the food. 

• • 

X.-FnNOTIOHS AND OLABSIFIOATION OF FOODS. 

Functions of Food. — By the word function we 
here mean xise or work. How does the food act ? 
What does it do in the body ? and how does it do it ? 
These are the questions we have to answer. 

Considering^ the matter broadly, we may say that 
the functions of food are four in number: — (1) To 
form or byild up the body; (2) to keep the body in 
repair; (3) to maintain the heat of the body at a 
temperature of 98 (4) to produce force, thereby 
enabling the body to do work. 

. Now there is no single food — except milk (for 
young cijildren) — ^which performs all these four func- 
tions satisfactorily. One kind of food, it is found, acts 



200 FUNCTIONS AND CLASSIFICATION OF FOODS. 

chiefly in forming new tissues ; another kind is best 
able to produce heat ; and so on. Before we begin to 
examine the functions of tlie different foods we ti|.ke, we 
shall classify tliem according to the work they perform. 

Olassiflcation of^ Foods. 


NITROGENOUS FOODS: Flesh-Formers Mainly. 

Name. Food. Chemical Coinpoeition. 

Albumen Egga, meat, etc. 

Cahein ChwiHe 

Vrnniv i Loaii meat (inuHcle), I Nitrt>gen combined with 

I oatmeal, etc V carlxm, hydn)geii, and 

Okskin.. ..... . ; . . Rones (soft i>art) | oxygen, us C>;2Hii20.22Ni8. 

Lkgumen Deans, iK^ase, etc. 

Gluten Wheat-flour. 


CARBONACEOUS FOODS: 
Heat-Glvera and Force-Producers Mainly. 


Name, 


Food, 


Amyloids 

FArrv Foods.... 


f Starch (CoHioOb) ) 

\ Sugar (CwHj«Oii) ) 

J Oils (C 57 Hirt 40 (}) ^ 

1 FatH (C87HiioOfl) \ 


Clkcmiml CotniHtsUivn. 

Carbon combined with hy- 
drogrcn and oxygen. 
Carl)on combined with hy- 
drogen and a little oxygen* 


MINERAL OB INORGANIC FOODS. 


Nfliiir. 

PnaSPHATK OK 1 

Lime f 

Oxygen 

Water 

Common 8alt...-| 


Food. 


Air 

Water, vegetablcH, etc. 

Salt and vegetable and 
animal foods 


Chemical Compotition. 

( Calcium combined with 
I phosphorus and oxygen. 
Oxygen. 

( Hydrogen combined with 
I oxygen. 

) Sodium combined with chlor- 
) ine. ® 


This table shows that we take only one, dement in 
the separate state as food — namely, oxygen; all our 
other foods consist of compounds of two, three, or 
more elements. ^ 

The table shows, too, that we obtain food from.all 
the three kingdoms of nature. Plants live oy mineral 
matter only ; they make their tissues out of mineral 
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substances whicl^ they obtain from the soil, the water, 
and the air. Animals cannot do this. Some animals, 
called /^erbivoroiis, live on plants only — the cow, for 
example; other animals, as the lion, are chilled mr^ 
nivorons, because they feed upon tleiji. Man is l)oth 
herbivorous and carnivorous, eating both ve^^itablo 
and animal food, and much mineral matter tis well, 
and is therefore said to be omnivorouH. 

We will now examine tlie three jjrcat classes of 
foods in turn, commencing with those whose principal 
office or function it is to form new flesh. 

Nitrogenous Foods. — These are also known as pro- 
teids, albuminoids, and flesh-formers. They *ii*e com- 
posed of the four elements carl)on, hydrogen,' oxy^fcn, 
and nitrogen, and generally contain also a little sulphur 
and phosphorus. They are very comphix substances. 
In the preceding table, the composition of a single 
molecule (or smallest possible piece) of any proteid 
is* given, ami it is seen to contain two hundred and 
twenty-four atoiiis ! 

The proteids are known by different names — such as 
albumen, fibrin, casein, and gluten — but there is very 
little difference indeed in their cliemical composition. 


TABLE OF PROTEIDS. 


• 

Name of Fucid. 

Name <»f Pn>t.p|>l (or nllHiiiiiii' 
(•I4( oontalitv<l. 

Weliflit of Nitn«eiM>nii 
matter In 100 Hm. «if 
the fiwei. 

Bread. • 

Gluten. 

8 

Oatmeal. 

Fibrin. 

14 

Piilse (beans, iiease, I 
and lentils). ) 

Legiinieti. 

23 

Cow’s Milk. 

Ciuiein. 1 

4 

fcn.* 

Albnnien. I 

Fibrin and albumen. 

14 
• 12 

Beef. 

Fibrin and iilbuiiieii. 

10 

Poultry. • 

Filnin and albumen. | 

12 

Fish. 

Fibrin mid albumen. J 

13 
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Quantity of Nitrogenous Pood required dally. — It is 

found that we lose; or part with, about 300 grains 
of nitrogen daily. This mostly leaves the body in a 
substance called which is found dissolvedoin the 
water removed |rom the blood by the kidneys. To 
replace this, we ought, of course, to eat 300 grains of 
nitrogen daily. If nitrogen by itself, uncombined, were 
of any value as food, we should be able to get an 
ample supply from the four-fifths of which con- 
sists of the colourless, transparent, incombustible gas 
called nitrogen ; but the only shape in which nitrogen 
can nourish us is as part of some albuminoid sub- 
stance. Now 2,000. grains weight of albumen or 
of casein, for instance, will give us 300 grains 
of nitrogen. But, again, there is no food which is 
pure albumen or pure casein, etc. : eggs, for example, 
only contain 14 parts in 100, or about one-seventh of 
their weight, of such proteid matter as albumen. To 
get the 300 grains of nitrogen from eggs, then, Ve 
must eat 14,000 grains weight (2,000 x 7), or about 
eighteen eggs daily. The food which is richest in 
nitrogenous matter is pulse, which contains about one 
quarter of its weight of legumen : by eating 8,000 
grains of lentils (2,000 x 4), we can obtain the 300 
grains of nitrogen to supply our dail^jr wants. 

In practice, however, we do not obtain our nitrogen 
from any one source, but from several — ^bread, meat, 
milk, eggs, etc., all of which contain proteid mattera 

How Nitrogenous Food is digested. — Let us take 
some nitrogenous substance, such as lean jpeai, and 
see how it is digested. In the mouth it is mastioated, 
or broken into small pieces, by the grinding action of 
the teeth. Here also it is mixed with saliva^ which 
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moistens the meQ.t, and makes it easier to swallow, but 
has no other effect upon it. Now the meat is swal- 
lowed, j)assiiig down the gullet into the muscular bag 
called* the stomach. Here it is dittsolved by an acid 
fluid, called the gastric juice ; and ii^ich of the li(|uid 
so formed is absorbed by the sides of the stomach, 
passing into the blood-ves.sels there. The remaining 
portion of the dissolved meat passes out of the stomach, 
and is .similarly absorbed by the bl(X)d-veasels in the 
sides of the small intestine.s. 

Functions of Nitrogenous Foods. — Thc> main func- 
tions of nitrogenous foods are — (1) to furnish material 
for the construction of the various organs of the Ixxly, 
especially the muscles; and (2) to maintain them at 
their proper size and weight when fully grown. A 
baby boy one month old weighs perliaps 1 2 lbs. ; 
when he is ten years, ho perhaps weighs 7 0 lbs. ; and 
when thirty years old, as much as 154 ll)s. All his 
organs have been steadily increasing in size and 
weight ; and it is the nitrogenous food which has 
furnished most of the material of which to build them 
up. After thirty years of age, the man does not 
perhaps increase in weight; but his organs are con- 
tinually working, and therefore continually wasting 
away, and no^ the nitrogenous food supplies fresh 
material to make good the loss. The proteids are 
carried about in the blood, and where a little bit, 
perhaps of a muscle, has done its work, and has been 
removed by the blood, there the fresh fragment of 
proteid matter steps in and Alls its place. 

But nitrogenous foods are not only flesh-formers. 
By the oxidation of the carbon and hydrogen which 
ih^ contain they also produce heat, and do work. 
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Still their chief, and by far their ^ost important, 
function is to form new flesh. 

We have compared the liuman body to a^, steam- 
engine ; but it might also be compared to a building, 
such as a school The school was built up, brick by 
brick ; and so is our body built up by the nitrogenous 
foods which we eat. The school slowly wears or 
wastes away ; tlie bricks fall down, the slates tumble 
off* and the windows break. But it is kept in repair 
by men who put in new bricks, and new slates, and 
new panes of glass. And so the body is kept in repair 
by the blood, which carries with it plastic, or tissue- 
making, or nitrogenous matter ; and wherever a bit of 
muscle has wasted away, there some of tliis proteid 
matter is deposited to take its place. Again, the 
school is warmed by the combustion of carbon (coal); 
and so is the body warmed by the combination of the 
carbon in our food witli oxygen inhaled from the air. 


X1.~0HARA0TERS AND FUNCTIONS OF 
CARBONACEOUS FOODS. 

Nature of Carbonaceous Foods. — In nitrogenous foods 
tlie most important element is nitipgen ; but the 
foods whose functions we have now to study contain 
no nitrogen, being composed of carbon, hjidrogen, and 
oxygen. They are named carbonaceous, because car- 
bon is the moat important of these three elements; 
sometimes they are called non-nitrogenous foeds, from 
the total absence of nitrogen. • 

Characters of the Elementary Body Carbon. — The 
element called carbon is familiar to us in several 
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forms. It is a aolid, usually of a black colour, form- 
ing coke, charcoal, graphite (also known as blackload 
and pUimbago), lamp-black, iKJiic-black, and soot; 
when Crystallized, carl)on forms the precious sparkling 
gem called the diamond. • 

Composition of Carbonaceous Foods. — C 'arbon by itself 
is useless as food. A man might Uke a quantity 
of charcoal or of coke into his stomach, but he 
could not digest it, and it would do him harm instead 
of being useful to him as fo<jd. 

When combined, however, M’ith hydrogen and oxy- 
gen, carbon forms a variety of foods which are pheas- 
ant to the taste, easily digested, and iitted to do a 
very useful work in the body. 

The following table shows the Principal Carbonaceous 
or Non-nitrogenous Foods : — 


CARBONACEOUS FOODS. 


Fatty. 

Sugary or Starchy 
(Aniylolda). 

(1) SoM!) Fats— 

Butter, etc. 

(2) Liquid Fats or oila — 

Olive oil, etc. 

(1) Siicrharinei>r MU^ury - 
Csme etc. 

1 (2) SUrchy — 

Sago, tapi(x»t, etc. 


All the foods named in the al)ove table are com- 
posed of the sagne three elements — carbon, hydrogen, 
and oxygen — but they differ widely in the proportions 
in which the.se elements are mixed together. 

Fatty foods contain much carbon and hydrogen, but 
very little oxygen. 

The amylaids contain much more oxygen; just 
enough, in fact, to form water if combined with the 
hydrogen in them. (See page 207.) 

FunctionB of Fatty Foods. — As the work done by the 




206 CHARACTERS AND FUNCTIONS 

fatty foods is somewhat different from that done by 
the amyloids, we shall consider separately the functions 
of each class. How rapidly and brightly a piece of 
fat burns when placed on the fire ! Oil, toOy wifi burn 
well, apd we useat in lamps to give us light and heat. 
But what do we mean by bv/ming ? It is the uniting 
of the carbon and the hydrogen in the oil or fat with 
oxygen from the air: the carbon and oxygen unite 
to form carbon dioxide, CO 2 ; the hydrogen and the 
oxygen combine to form water-vapour, HgO. Now 
when, the fat of our food gets into our blood it burns 
there, combining with the oxygen which has been 
taken into the blood through the lungs. It is true 
that this burning in the blood is a very slow process, 
and that the heat produced is not very great — only 
98^''; but this temperature is maintained for a long 
time, and the total quantity of heat produced by 
burning a pound of butter is the same, whether we 
bum it quickly in a few minutes on a fire, or spend 
some days in burning it in our blood. 

The first and most important function, then, of fat 
as a food is to produce and maintain the heat of the 
body. 

Instead of burning our piece of fat on an ordinary 
fire, we might have burned it in tbe furnace of a 
steam-engine : the heat it produced would then have 
made the water in the boiler hot, and enabled the 
engine to do some work. Now this is another func- 
tion or work which fatty foods perform in our bodies 
— ^they enable us to exert energy and to •perform 
work, It*is found that the harder we woii^jHie more 
carbon dioxide comes out of our mouth but this 
substance cannot be formed except by the combination 
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of carbon and oy^gen, and most of the carbon used in 
the body for this purpose comes from the fatty foods. 

Fatty foods also help to form fat. When we eat 
any kthd of fat, as butter or suet, it is not acted upon 
in the mouth, nor in the stomach ; but in th^ small 
intestines it is broken up by the bile into pieces 
BO small that they can s(iueeze through the sides of 
the intestines into some little tubes, called lacteals, 
along which the fat particles pass, and at hist enter 
the blood. In the blood the fat combines with oxy- 
gen, producing heat and force. Some of tlie fat, how- 
ever, is not used up in this way, but is depositc3d 
round the kidneys or in a layer just under the skin, 
forming a stoi*e of food material which can Ixi used by 
the body if at any time it should be in danger of 
starvation. 

It is found too that fat aids the dif/estioii of other 
foods, though the exact manner in which it does this 
is not well understood. 

We see now the reason why dwellers in cold coun- 
tries like Greenland and Siberia arc so fond of oily 
and fatty foods, preferring the blubber of the whale 
or the fat of the seal to all other delicacies. It is 
because they find in these foods an excellent source of 
warmth, by which they are enabled to withstand the 
terrible cold of the long winters of those icy regions. 
Although oil and butter are also used in hot climates, 
they are not used so exclusively as in cold countries. 

FanctioiiB of Amyloids. — Under the name of amy- 
loids we include all foods which are chiefly compost 
either of sugar or of starch. In both sugar and starch 
the hydrogen and oxygen exist in the proportions in 
which they combine to form water — ^namely, two parts 
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of hydrogen to one part of oxygen. ^ For instance, in 
the smallest possible piece (molecule) of cane sugar 
there are 22 atoms of hydrogen and 11 a^ms of 
oxygen; in a molecule of starch there are lO^^atoms 
of hydfogcn to & atoms of oxygen (see table, page 205). 
Thus in the amyloids, only carbon is left to combine 
with fresh oxygen; the hydrogen is already burned 
up — that is, combined with oxygen. 

For this reason amyloids cannot produce so much 
heat in the body as fatty foods, which contain both 
carbon and hydrogen ready to combine with more 
oxygen. 

Digestion of saccharine focnls. Sugar is dissolved 
in the mouth by the saliva, and it is absorbed by the 
sides of the stomach, passing directly into the blood, 

Digest ion of starchy foixls. Before being taken as 
food, starch requires to be boiled, which causes the 
grains to swell until they burst. In the mouth a re- 
markable change takes place : the saliva, acting chemi- 
cally upon the starch, converts as much of it as it can 
into grape sugar, which is absorbed as before in the 
stomach. The remainder of the starch passes through 
the stomach unchanged, but is also converted into 
sugar in the small intestines by the action of the pan- 
creatic juice, a fluid formed by an prgan called the 
pancreas. Thus all the starch we eat as food is 
changed into sugar: this change is ab^okItely neces- 
sary, for starch will not dissolve, ^nd consequently 
could not pass tlirough the sides of the stomach and 
intestines to enter the blood. In the blood this sugar 
made from starch becoioes completely burned up or 
oxidized by its carbon oombining with oxygen ; and 
thus, like fat, the amyMdB help to produce and main- 
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tain the hexitt of the body, tlioiigh not in so great a 
degree. But it is also found that by the action of the 
liver the sugar in the blood can be changed, first into 
a HulSstance called " livcr-starcli,” and then into fat : 
this explains why sugary and stai^hy foods* are so 
fattening, since we see that within the Ixvly they are 
in part converted into fat. 

It is found that about lotlf a ponvd of carbon is 
ref|uired daily in the food of an adult. Nc)W we can 
obtain this (piantity either from three-ipiarters of a 
pound of fat or from a |K>und and a half of sugar. 
IJsuJilly, however, we obtain the necessary eight ounces 
of carbon partly from one focjd «.iul partly from 
another. 


XII.-FUNOTIONS OF MINERAL FOODS. 

, Water as a Mineral Food- Of the various focxls 
obtained from the mineral kingdom, perhaps the most 
important is water. Some persons do not consider 
water to be a food at all ; but this is certainly a mis- 
take, since water is taken into the body and absorbed 
just like any other food. It forms more than three- 
quarters of the weight of th<i blocxl, ami every organ 
of the body is svatery and moist. Moreover, a person 
entirely deprived of water dies in about a week ; 
while if wnter be frequently taken, it is possible to 
go without any other nourishment for a much longer 
period. 

Water has various functions to perform in the 
huihan body. In the first' place, it acts dk a carrier. 
The fluid* we call blood, which carries the food about 
to all parts of the body, and removes the waste matter 

14 
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from every organ, is more than thvee parts water: 
more exactly, in 100 lbs. of blood there are 79 Iba 
of water. c 

Secondly, water helps to dimolve the food, and so 
enables it to enter the blood. Sugar, for instance, is 
dissolved by the watery part of the saliva. Thirdly, 
water dissolves the used-up materials of the body, and 
washes them out of the body. In some form or other, 
every adult takes about four pints (equal to 5 lbs. 
weight) of water daily, and loses daily the same quan- 
tity. The -organs which remove water from the body 
are the kidneys, 50 oz. daily; the skin, 18 oz. (as per- 
spiration); and the lungs, 9 oz. (as water-vapour in 
the breath). 

Fvom tlie table on page 143, it will be seen that 
fully two-thirds of the weight of the body of an 
ordinary adult is water ; truly an extraordinary pro- 
portion ! , 

Oxygen. — Oxygen is another substance which we 
seldom think of as a food. It is a gaseous element, 
forining one-fifth of the atmasphere, and is most re- 
markable for its power of aiding the combustion or 
burning of other substances. About a pound and a 
half of oxygen gas enters the blood every day through 
the lungs. In tlie blood, the function of the oxygen 
is to produce avd maivfain the heat of the body, by 
combining with the carbon and hydrogen tn the food. 

Oommoa Salt.— About half a pound of common 
salt is contained in the body, small quantities of it 
being found in every organ and in the blood. As a 
condiment,* salt acts by increasing the flow of* the 
saliva ; the sodium in it also helps to form bile ; 
while the chlorine aids in making Uie hydrochloric 
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acid wliicli given acidity to the gastric juice. Salt is 
essential to life. Some people think. they eat no salt, 
but thnre are small quantities of it in several of the 
foods which they take. 

Phosphate of Lime is an iiiqM)rt(Ait mineral sub- 
stance, whose function is to give hardiie.ss and solidity 
to the bones; When the bones of little children 
come bent or diseased, it is generally from want of 
pi'oper focKl containing sufficient phosphate of lime. 
Wo get this substance mainly in bread, but milk and 
many other bxxls contain small quantities of it. 

Potash Salts are very useful in purifying the blood ; 
they are found in fresli vegetables and in most seeds. 

Lron. — Altliough there are only aVx)ut (15 grains 
weight of iron in the body, yet it seems to be neces- 
sary to health : tlie red colouring matter of the blood 
contains iron. Most foods contain a little iron ; for 
igsbinco, 6,000 gallons of milk contain about one 
pound of this metal. 
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Measures, cfuitnist lictwtjen Knglish 
and Friuieh, 12. 

Measurement, staiiflard or unit of, 

10 . 

Mf.'asuriiig, 10. 

Metric system, 12. 

Newton, Sir Isaac, 17. 

Fipettb, 30. 

Radiation, 04. 

Scale, denary or decimal, 13 ; duo* 
decimal, 13. 

Solids, expansion of, 45. 

Solution, actifin of* heat tm, 77 ; 
saturated, 72. 

Specific gravity, 33; by flotation, 
37 ; flask, 36. 
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Htttte, cliangu uf, 42, 66. 

HtaloctiUiH and stalagiiiitfs, 7H. 
8teani, latent heat uf, 68. 

Tkmpkkaturk uf Ijtxly, 53. 
Therinunieter, air, 48; alcuhol, 49; 
iiifi*cniaal, 50; cliiifbal, 52; wet 
and dry bulb, 74. 

Tubin'H tubeH, 08. 

Vkntilvtkin, 5<»: a siinplo and 
utfuctivu iiiude uf, 57. 


Vuliinie, 28 ki by displacement of 
water, 31. 

Water boiling over icedsOl; the 
univerHal solvent, 76; plire and 
hani, 77 ; Mufteiiiiig uf, 79. 

Weather chart, 75. 

Weight, 17. 

Yard, 10 ; mtdtiples and Hiibiniilti- 
ple.M of, 11 ; origin uf name, 11 ; 
standard, 11. 


PART II. 


Aik, action of, on platinum and 
magnesium, 105; synthesiH of, 
122 . 

Albumen, 87 ; and meat, 88. 
Alcohol, 94. 

Anhydride, 115. 

]3aking-Fowdkr. 98 ; how to make, 

101 . 

Bases, 116. 

Bread, 03. 

Bunsen burner, 136. 

Burning is chemical cunibinatiun, 
109. 

Candle 6ame, 134. 

Caramel, 103. 

Carbon dioxide, 94, 98. 

Charcoal, 126. 

Chemical combination, 106. 

Coal, 128, et teq. 

Coke, 129. 

Compounds, 106. 

Cooking, 83. 

Diokstion, 88. * 

Boos, digestibility of, 88L 
Elements, 107. 


Fekmkvfh and fermentation, 96. 
Flour, cf>iiiiN)sition of, 102. 

Fofxls, kinds uf, 85, 86. 

I Fuel, 125. 

Gahaliek, 137. 

^as meter, 139 ; to rc'ad, 141. 
Glntt'U, 102. e 

Gum, British, 92. 

Heat, action of, on fats, 89; on 
vegetable foods, 90; on mineral 
substances, 119 ; what it is, 124. 

Iron, rusting uf, 120. 

Hatches, 129.^ 

Oxides, table of, 116. 

Oxygen, to prei)anni411 ; experi- 
ments with, 112, ct teq. 

Pepsin, 96. 

Soup, 88. 

Stan^, 90i ^ 

Sughr, action of beat di, 108L 

Yeast, action of, 94. 
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PART TIL 


Acids, 159 ; boracic, 179 ; salicylic, 
179. • 

Alkalis, IGl. 

Amyloids, functions of, 207. 
Antiseptics, 179. 

Hactbria, 177. 

Bo<ly, weight of, 184 ; oom|iouiids 
in, 19.5 ; elements in, 191. 

Bread soda, 199. 

CARDONACROrS ffxxls, 204. 
Circulation, organs of, IM9. 

(Mouds, 151. 

(Vmtagion, 183. 

Dbodorants, 182. 

Digestion, organs of, 188. 

Diseases, infectious, tal)le of, 189. 
Disinfectants, 181. 

Kkcrrtio.n, organs of, 192. ‘ 

• 

Filtrrs and filtration, 158. 
iroods, functions and classification 
of, 199. 

Fur of the kettle, 155. 

(iLYCRRINR, 164. 

Hydroorn, 144, et trq , 

Iswjumos, 183. * 

Man a highly^grganised lieing, 179. 
Matter, organic, 175. 


Meats, tinned, 179. 

Metals and iion-iiMaals, 174. 

Microl)es, 18.*!. 

Mineral fooc^, 209. 

Muscles, 188. * 

Xrrvous system, B»2. 

Nitrogenous fissls, 291. 

Oroanic IsNlies, water in, Bifi. 

Organs, averagi* weight of, BNl. 

Ox3'-hytlrogen light and jet. 119. 

PllOHPH ATR of 1 i me, 211. 

Physittlogy, 185. 

Putrefaction, 177. 

Rrapi RATION, organs of, 199. 

Halt, common, 210. 

Hkeleton, 187. 

Skill, 164. 

Soap, 193. 

S(x1a, 164 ; caustic, 162; how maile, 

lai. 

Stains, grease, 170; ink, 171 : fruit, 
171 ; iMiint, 172. 

Washing imw'ders, 197. 

Water, and hiimau Issly, 143 ; com* 
position of, 145 ; amount for «*ach 
person, 151 ; air in, 152 : to 
soften, 159; tu'o kinds of liarri' 
ness of, 157 ; a mineral food, 2(MI ; 
as food, 209. 

Work and waste, 198, 





